Process for production of isobutene by cracking MIBE-containing m xtures
The present invention relates to a process for preparing isobutene by

cl eaving MIBE-containing m xtures. 5 |sobutene is an inportant internediate
for the preparation of a multitude of organic conpounds, for exanple for
the preparation of butyl rubber, polyisobutylene, isobutene oligoners,
branched 05 al dehydes, C5 carboxylic acids, C5 alcohols and Cs olefins. In
addi t i on, Praceiss fok pROGY ispibyte ne) by gsacking MMEBE eddntaining mikturesi s of 10
tert-butylaromatics, and as an internedi ate for obtaining peroxides. In
addition, isobutene can be used as a precursor for methacrylic acid and
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t oget her 'EE sat yrated and unsaturated 04 hydrocarbons. ing to the small
boi | i ng J%T -GANt3IBiNgBXtWAY t he 15 | ow separation factor between isobutene
and 1-butene, isobutene cannot be renpved economically fromthese m xtures
by distillation. Isobutene is therefore frequently obtained fromindustri al
hydr ocar Heolsutbye isoarv enportemt iirdetmediate foothe repanadbn \veavwhiltfade @fohginicemoved

easily fromthe remaini ng, hydrocarbon m xture, and by di ssociating the
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pol yunsatGr eletts. hy ddaitan bbissysegrasnan gliaylating beetty espkataily, fobyyrehégiaof i on and
distillation or selective hydrogenation to |inear butenes, the remaining
m xt ur & (tégﬁy?yrl%rpgle\%cgrargde?%é@ i"ﬁ@ﬁfg}e%’feﬁ%?%tam @%rog}dgékl’n@gmosn, react ed
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nmet hanol is used, and tert-butanol (TBA) wheh water is used. A?t er they
have been renoved, these derivatives can be cleaved to isobutene in a
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Cversal 186nbsl £ 8L SRR THESLERRR Sl RN BHLRYL Kho ot

aci di ¢ ownbassirated d,adyyisdsarbond. IGBvihg qoltrd rhals Boiihg gakt bifewékbednte@ephase or
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obt ai med, which are then fed to the acid-catal ysed 10 cl eavage. DE 10 2006

040431 desgr 0oc fo he preparation of Jjsobutene by MIBE
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st r eam asapvradkeedad follows C4ftEMeRbVINGTRY ntgorty Bf tROpbIGhiSsatdtbd he resul ting
MIBE 15 is cleaved. The reaction effluent is Separated by distillation into
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concent r @oboese df alreveraal dfibeinésmationhe 25 i sobut ene obtai ned bel ow 1000
ppm by mass. The recycling of unconverted MIBE is optional. Published
specification DE 10 2006 040434 descri bes a process for cleaving MIBE, in
whi ch ;| s j i | O LS. f ved 30
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cont ai ni %%s/lwgzwghase SR the pure gas phase. P




met hanol, the top stream being recycled into the cleavage. Accordingly, the
hi gh boilers fornmed in the process are discharged here via a sidestream
The formation of high boilers by dinmerization or oligonerization of the

i sobutene to 5 04 oligoners, known as C8 and 012 conponents, is one of the
known side reactions in MIBE cl eavage. The undesired C8 conponents are
principalb 2. 4. 4-trinmethyl-1-pentene and 2,4, 4-trinethyl-2-pentene. I n
addi ti on, éa’? O L BPAPryCrifesra prasees futrieRaring, high-porityiigabudgna. tereet hanol

fornmed in; _ i vert i,th glimnatign.of water.
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envi sages a renmmval %f t he net hanol by extraction with V\gterm:?;ld a
subsequen’t‘”cﬁ‘vnﬁégﬁ‘il yEfQsRIaNns. Msteanahvatan dinethirethee(MEbWed from t he
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of MIBE t@btgined. Thispmedio mixidrenst depacdted by distidationriatshbndngleys on t he si de of

t he products,. su at higher 20 conversions can be achieved. On ng to the
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intermedi ate for the preparation of a mu organi ¢ conpounds. The
ef fi ci entMpiepriueneMEBE)Bre nbtaings, adhictt areitiserafecddpeharei-cHtalysed ent

i ndustr | a%leé\;ea?gar ch and therefore places very high demands on the product
purity. It was therefore an object of the invention to develop a process in
whi ch high-purity isobutene, as required, for exanple, for the preparation
of polyi e FIB), butyl rubber or else of nethyl nethacrylate (M),
becones i@fgﬁba@gﬁ%é.(o‘@éé’rﬁ%cr&ﬁ%%prQ®saéintbe/étep@y@twnp@fomgem@by preparing
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met hanol | MPBE Gnd 0y BIYnBiEENt is sebpratedpy dishiationi il lspbuipye Mitgh boi l ers
having a (BRIHIORE) pRIHiGROYEMERIEnBL AdR! B5AHE SofforBinh #B3man 82) Medium

boi l ers having a boiling range o at a'pressure of 0.1 MPa; and
a3) | ow lseNsEEents & meghanda@indiungoneertesl MEBEWT hE G atharolps esissacienfly 0. 1 MPa;
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separating stream (8) to obtain an MIBE-contailning stream (10, 12) and a
net haridl B8RPANMIGYY bailels asererspved freanthe startlng MTEB. recycling an

MIBE- cont ai ning stream (10, 12, 13) into step a) of the process, the nmedium
boil ers being renoved conpletely or partially before step d) fromthe 15

streans PLBlishER)specifibafion DEN MEOOOD4E430 is Habeddh NevmpPaebId prordss hat
hase forns reaction m xtures

surprisi&gl , t%ﬁ ﬁl eavage of MIBE in the gas phas

whi ch ha a\éecﬁﬁ‘f Ereaulfsrre %'ﬁ!ﬁaﬂlorb@ﬁthewg&)%uae@ram Geavegeriotessse of the
C4 hydr ogainbain V:Hﬁigs J i .and i soprene.
D nmet hoxgrardgt haneﬁgﬁair? or ns1 Wgﬁgﬁaaﬁ%éﬁ%@?ﬁ%%@@a@wgﬂ% 'ﬁttge

f or malzdelsptietcandbidieecibeloat 1GG1 ppm HyhenenfThei rebydiat dnekonvesrer @mBEcan be
formed from. forml dehyde and i sobutene. Since, based on the boiling
sequence'SFHIOBA" hydr ocar bons and MIBE, these are conponents of noderate
boi ling point, these conponents are referred to hereinafter as nmedi um

boilers. Their boiling point at 0.1 MPa(at,$) is typically 25 between 12C
and 55C. Published specification DE 10 2006 040434 describes a process for cleaving

MTBE, in which isobutene, with (azeotropic) proportions of methanol, is removed
30 from the cleavage effluent in a first step. Subsequently, in a further distillation,
methanol is obtained as the bottom product, as are a sidestream containing

diisobutene, methanol and MTBE, and a top stream containing MTBE and



The concentration of the nmediumboilers formed in the reaction is typically
significantly bel ow 500 ppm by nass based on the reactor effluent. Wat is
meant by these nediumboilers is not C4 hydrocarbons, for exanple 1-butene
or cis- and trans-2-butene, which can form for exanple, through 30

cl eavage of MSBE and boil only just above isobutene, and al so isobutane,

which can | ikew se be formed as a by-product of the cleavage. Table 1:
Boi | i ng p¥© ag\gl)ﬁhq}@@ @@%E?'ﬁ@éﬁ@&%f@to theicleagabljcobdinplydthectighon

il bi ' < 74 i ne -7.06, 1-butene -6.28
?OIC%I- ngamﬁb {Oﬂngg%ﬂ%@u@gﬁ%ssl%esésérfaﬁgé gg@u‘f’%ﬁgqusg?a@i' s- 2-but ene 3.56
1, 2-butadiene 10.85 |If the nmediumboilers formed fromt Ee si de react ij;)ns

: .nt rocess, they can accumulate in the process and/or

get into [erEalth BhaoBraitaty mebesasne eispmesaeiame tbs idhsiessiout ene.
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ye reactions in MTBE cleavage. The undesired Cg components are principally

2,4,4-trimethyl-1-pentene and 2,4,4-trimethyl-2-pentene.

In addition, particularly over basic catalysts, a portion of the methanol formed in

10 the cleavage is converted to DME with elimination of water.

The further workup of the methanol-containing isobutene streams obtained in
DE 10 2006 040431, DE 10 2006 040430 and DE 10 2006 040434 therefore
envisages a removal of the methanol by extraction with water and a subsequent

15 distiliation, in which DME and water are removed from the isobutene.

MTBE cleavage in the gas phase has the advantage that it generally proceeds at

higher temperatures. The equilibrium of the reaction of MTBE to give isobutene

and methanol is thus more strongly on the side of the products, such that higher
20 conversions can be achieved. Owing to the higher cleavage temperatures,

however, other and/or additional side reactions can occur.

As described at the outset, isobutene is an important intermediate for the
preparation of a multitude of organic compounds. The efficient preparation of

25 these products is a core area of current industrial research and therefore places
very high demands on the product purity.
It was therefore an object of the invention to develop a process in which high-
purity isobutene, as required, for example, for the preparation of polyisobutene
(PIB), butyl rubber or else of methyl methacrylate (MMA), becomes available.

30 This object is achieved by a process for preparing isobutene from MTBE-
containing mixtures, which comprises the following steps:

a) in a reactor R, cleaving a mixture obtained from an MTBE-containing feedstock



Oxygenat es such as di net hoxynet hane have simlar properties to the
typically 10 specified dinethyl ether (DME). Unlike DVE, dinethoxynethane
boil s at higher tenperatures than isobutene. This nmeans that DVE and

di met hoxynet hane cannot be renoved fromisobutene in one distillation step.
| sobutane fornmed from side reactions, in contrast, is generally uncritical
at | east n relatively smal|l concentrations, since it is chemcally
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boilers in the process conponents pa rough the reactor wthout
any furt hegbutens prasiict antklovobeilens, rendi aaisearh (8hehick dontainsdilTBES woul d ri se

up to 8 I at ich they again get into the top product
of the'co él}hn%ngrr;eg@’gﬁ%é%saﬁagﬁgﬁﬁhlﬁﬁ the reactor, thus ultimately
getting ichtistitiamyalsedpsraney strash (®noafian aﬁ'MTB@%Htéﬂmh@%fréamWnYZf urt her

reacti ons of the mediumboilers in the reactor, there isS the ri sk that
addi t i on@NdmsEiraR-soRfaininthhighieder sfeanm el 10r that the catal yst is
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forrredlntheng gre d| ehoged sel ectively. In a preferred
enbodi e fledNstf ﬁcﬂ? J4 mq e®one together with the | ow and 20 nedi um
boi l ers gfhdshfovebash mma'\fﬁgﬁsu Frv;gl;k%?é)éle%%‘%egé’?ﬂ"r!a@] Rind E60Bhe&  demands

and ener %y intensity |ow. The r enov ers
addi t i onHlIrMp rerckeuRnixttesyuctahauncaonhpohents I\l\émvsaglermal hsm!g“rmmomtsrquer at ures,

since th di um boi | ake e to an increased
degree aE Wﬂﬁ%gfg\ (?de'%%ﬁ%ﬁ" OB%ﬁnﬁé’?[ﬁ"fé L&?anpl e, to prolong
the cat aumséthbx;frﬁéuhaﬁe@hdtxébm@wcmniéwo@mmn@éar%trﬁ'tmtu nCl eavage
reaction In step a? of the process according to the |nvent|on MIBE i s

cl eaved figh X%é“%@ methsmnakle fouaaldahyde end denecaislizationtsreofwitlyi ve i sobut ene

and met hap S o,use all oI| catal ysts which
bring abou(m&%rhOII %{;@ae\?;g%fgﬁg%e ﬁﬁ/ﬁ%@f@f}l @G@Eﬁghéd%ﬁad ?’?é’th v(ﬁehl n the

t enper at based ame bcblhri@@eqwn@@%} Cehpdrotatboyis awtl\th'BEttlh@sé@Fbge from 200 to
400C. The cat alrﬁg'lt?g used in the process according to the invention may, for

exanpl e, “UBRPRF adepste dedingmoiddthese sompenges, aresplesrdlPy those whi ch
t d
o PR Ao ARG, TALLETRLIAN.P, ARG, VBB 0

supports or netal ts or mxtu ording to
t he i nvebgtivern MFBENE5%Ceaved to i sobut ene and nethanol in the gas phase
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significantly below 500 ppm by mass based on the reactor effluent.
What is meant by these medium boilers is not C, hydrocarbons, for example
1-butene or cis- and trans-2-butene, which can form, for example, through
30 cleavage of MSBE and boil only just above isobutene, and also isobutane, which

can likewise be formed as a by-product of the cleavage.



described, for exanple, in US 5 171 920 in exanple 4 or in EP 0 589 557.
Particular preference is given to using catalysts which, in a formal sense,
conpri se magnesi um oxi de, al um ni um oxi de and silicon dioxide, and which
have a 15 proportion of nagnesi um oxide of 0.5 to 20% by nass, preferably
of 5 to 15% by mass and nore preferably of 10 to 15% by mass, a proportion
of alum nium oxide of 4 to 30% by nass, preferably of 10 to 20% by mass,
and a pro-ﬁé)tﬁlﬁﬂoﬁodmgsmlﬁte@ﬁthﬁ @xhyté‘ooarbeﬁsabogmbybsnass preferably of 70

to 90% by nass. auvantag"""" whenr—th tal yst conprises an

al kali metal oxi dg" ggrg&ﬁrbtoﬁon to { BTG p%llqgl um oxi de. This may, for
exanpl e, be sel ecigeeutbthem Na20 or K20 74he catalryst preferably conprises
Na20 as the alkali nmetal oxide. The catalyst used with preference
preferably has a !BEtFUt@Dﬁf ace ar ea (deberm ned vol ynetrically with nitrogen
to DIN | SO 9277) 00—t6—450-+1R+g—preferablyof 200 to 350 nk/g. Wen
the catalyst is a’SBPfeé‘& as an acti 96%'[6“ al on d support, only the active
material 25 has @1 BpljtsdigfeiCe areaj W ghin the range specified. The material
conposed of catalyst and support mhy. in contrast, according to the
properties of thm-@um@rt have a s#0gos fi cantly dijff ferent BET surface area,
especially a lo race—area—30—Theporevol une of the catalyst is
preferably 0.5 t ralnsg"iltwf prefera%lggz 0.65to 1.1 nmM/g. The nean pore
dianeter to DI N [6§d33@End he catal y8Ggl S preferabily 5 to 20 nm
preferentially to 15 nm More preferably, at |east 50% preferably nore
than 70% of thg t8ttaltadienee vol unel (86& of the porle vol une of the pores
with a pore di ameter—ef—greater—than-or—egual-to-3.5 nm determ ned by
mercury porosinetry to 5 DIN 66133) of the catalyst, is accounted for by
pores havj thg racdilLABdiIRFs fbfrm%d5rdn9 tl@s:ﬁ@“r&é’@%ﬂ@%@ﬁét rehibveB&n Bleces®
according to the invention, preference is given to using catalysts which
have a mPAPCassr theyl aansaceemuiiie é tienpidcess ant/eegetdntal the isputenelfroputtt o 10 1

0O mMm pr I prefera n particle size of 1
to 5 rrP% %f?s er enogjégﬁgnﬁié\}éﬁg Smﬁr}?g?%r Wpé%ﬁ‘ﬁnyéPéfﬁPﬁﬂﬂe have a nean
particle psiym)bdxﬁéheOGPlB bobutynibbes @ﬁ?@@ﬂdt&s O cohjligatés AMBnesThdvA/dhr OCcess
accordi ng{ﬁ g_gt he invention, the catalyst can be used in the formof 15

shaped b ublep@Mmehaped bodi es may assume any shape. Preference is given
to using the catal yst as shaped bodies in the formof spheres, extrudates
or tablets. The shaped bodi es preferably have the abovenenti oned nean

particl eCbaygesatei&umaspﬂnrepmb&ymemm@dwmesmﬂarSpl@beﬂﬂi@gIf@melﬂ_\}plcally

al um nosi | i cfaltgeF ﬁ\ﬁ s{ @MQ ZH‘ i bed in DE 10 2006 040432. Reference is
made tHerBEGIeaHENRiREEt y &like OV, ¢metimametianenbeilstaidighaiper at ur e
range fr g00G i 0.05 to 2
MPa, espg}:ﬁ]%\%lgyrg% 25 S?g@gﬁ‘?eﬁl%%ﬂ%& tbé’t qﬁ%%noa&g%ﬁp rtelq%'l?%rl y at
pressur e§amot@ea”empvedTrdﬂPe&obthecnhemea:gﬁlllaﬁom/EBE to i sobut ene and net hanol
is an en% &)ggﬁ? &k t| on. rder. to grrevent ar i al condensatl on of
MTBE and % &' rogw %iﬁﬁrr IORB N NGl 5t @ er'i%l Y eaetissl aleastihat t he
M ni num fetapenaéibi cbRcdrit@ti bl'y
greater than 200C. The |nputbﬁ?gérlrlg%ergﬁuﬂﬁgggph%%ﬁ%@%”&ﬁ{%%a%%flpg&ﬂ

est ablf si§eBulspefpgaiications prratiteronseniteiansdipiiest40approfin theeprodact (see i s
thereforf,- S\E é)east 150C, preferably at least 200C. In the course of
operatl on, may be advantageous to raise the input tenperature up to 500C
W th |ncreaS| ng deactivation of the catalyst to keep the conversion

const ant V\hen t he conversion can no | onger be maintained on attaining of

500C, it hRje'Benditeraiusg dees nebdessibrdhe farmatiop af thesel pedisp bajlers.he

tal ysty t f th di
o the'i Thaefdte, FERYRIatORo Rgh Bl b SRR F rPRA T F55Rana 065
nor e po ehediai poitert iwent85%aetish Aurcl0 The reactor is preferably operated

with a weight hourly space velocity (WHSV, in kilogranms of reactant per
ki | ogram of catal yst per hour) of 0.1 to 5 h-1, especially of 1 to 3 h, in

strai ghtypagSthe processes described in US 5,567,860, DE 10 2006 040431,
DE 10 2006 040430 and DE 10 2006 040434 have any step for the removal of




The reactors used are preferably tubular reactors or tube bundle reactors,
15 especially those with internal tube dianeters of 10 to 60 mm They are
preferably operated as described in DE 10 2006 040433. In addition, it is
possible to use plate reactors for the performance of the cl eavage
reaction. Plate reactors are of anal ogous construction to plate heat
exchangers. 20 The separation of the plates between which the catalyst is
present iegiuat boiles.yn tese [BOcesnesTHest eoppoatniseacteedingdo the dfeeatiat al yst
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exanple by the tenperature of the heat carrier use eating, and by the

speed wi tHOdkGtch the heat carrier flows through the jacket. Si de

reactio | f MIBE. These are attributable either to

50 wree or heesd JubtENE! SR BoRimaro T L ae b SR Ce Bl E e dar o

reacti on ustooberteetMTBH resMISh 41 evict@ceritBf tHeembairRbbirhs ff thdigretdwl et her

(DME) . Tt”t%?ls formed by reaction of two nol ecul es of nethanol to give DVE
r

and wat e HOMRBeaSsPassdbiaiohdhe seadier withasiheng further peagtionatbley oper at ed
h th YA : i . i . th 10%
o ot er bl PEURMEnS Y S i Bhic P Sl ffice 88 d Rlgiebfratlichaly 17 ol

of MTBE odrisfetheydigpin getReiaché top plodusbbithemelunir Arraedeer dsvamstede bf onal |y
result of .tert-butanol ). The formation/cleavage of MA is,

i " for m?ti n ( \ .
howevet’, % "GN ﬁwrsi%lﬂﬂ"?t@ A5t ”'\EP] FROYigne fAElR alterialk SheHe thergct or
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is the formation of C5 hydrocarbons imerization I Sobut'ene. These
consi st gAfliengltampastentt getdbtottbadsobatariexonthat the ctalystis tamagetybpent ene- 1

and 2,4, 4-1r] | es-2. In addition to the side reactions, there are
usual |y %f(é@'pp@;ér%%rgﬁﬂtﬁo }&kingns in which inpurities fromthe MIBE react.

These include, for exanple, the cleavage of 2- is nethoxybutane (MSBE)
present in the MIBE. Through elimnation of nethanol, these can form

1- but e CORPeH IR Keedosest REerIkydeBCcHDe® ineDB 1012406 MHdp1 Bndbut ene pr esent

in the i in.t erials 20 The
oresont | D18 200¢ B0, Ind MRS BEAMINS iy FRERR nRE M BhEAE 11 |
possi bl ethtad meskurMbBEcffodnéd &y Btpracedsi drg.didohapidd detedtiely. it is possible to

use technical -grade MIBE of various qualities or m xtures of
t echni cal -grade MIBE and nethanol. In order to obtain isobutene of high

purity, idabfeféf¥@BhABERNENR tl‘@g{cﬁe% 35%”9%35 ¢ r%igﬂ;'fhggo Ity in step

a) of the process. This can be obtainéd fromtechni cal-gra , Which is
gener ab | edivte hdiersfod the $tartingeVI TBES Wwbich Keeppiié Biditidhalinechmicair ef erred

enbodi e th rocess according to the invention, this purification is
part of €%§a§$%3%§?Beﬁﬁﬂnéﬂsﬁé@ﬂhical-grade MIBE can be used directly.
Techni cal -grade MIBE (fuel quality) is therefore the preferred feedstock.

Table 2 30 shows, for exanple, the typical conposition of a technical-grade
MIBE. Tablh@Meansphrerapviogifpaiedium boflersechiitionally gxtadds MEREpdritian ofjual i ty) .

Conpone%e%%rggltgﬂi&pér 'freﬁ}ﬁSerIa¥Lg‘/els(,géince the formation of the medium boilers

25 takes place to an increased degree at high temperatures. This can be utilized, for

example, to prolong the catalyst lifetime or to reduce the amount of catalyst.

Cleavage reaction
In step a) of the process according to the invention, MTBE is cleaved in the gas

30 phase over a heterogeneous catalyst to give isobutene and methanol. In this step,
it is possible to use all solid catalysts which bring about the cleavage of MTBE to

isobutene and methanol within the temperature range of 150 to 500°C, especially



1- butene / 2-butenes 0.001000 pentanes 0.001500 MIBE 0. 978000

2- met hoxybut ane (MSBE) 0. 003000 net hanol 0.008500 tert-butanol 0.003000
wat er 0. 000050 2, 4, 4-trinet hyl pentenes 0.003300 Techni cal -grade MIBE can
be prepared by known nethods by reaction of C4 hydrocarbon m xtures from
whi ch the pol yunsaturated hydrocarbons have been 5 substantially renoved,
for exanple raffinate | or selectively hydrogenated crack C4, with

met hanol . Withinithe cangedfirorof200He 460&@vage products The cl eavage products from
the reactor are separated by distillation in step b) of to the process
according to the invention. This affords a stream 7 which conprises nore

than 90% bt oBsySal usDhE BRoockOWobSidh Rl  (ADTHBAABPHLY ORP oty hanol , and

a further st ream 8 whi ch cont ai ns net hanol and hi gh
boi | ers. 9entgiggnatafoxAeswnixee ntﬁj&i@mEammaltydhbssmyhpblown&nmfsmconrponent s

typical | ffluet at 5 MPa( abs wel | as
i sobut ene ﬂ(?ﬁ%ﬁ?}or'a it P@P@ﬁﬁ saeqlu QP &G %}r%'féerﬂ@?%&m%?' Q'1- but ene,
2- but enesmlmrdslﬂh&eoﬁ soprene and di met hoxymet hane are medi um boil ers forned

in the reaction with boiling points according to the table below The high
boi |l ers present, i.e. conmponents with a 20 hi gher boiling point than MIBE,

are TBA, [dithe SRt % Lal. boiling points of
conponents typi cal ycgé}(easrgﬁg Eﬁghﬁ?ial\éf%ﬁ%g@%g%%% |§9818_ege %ﬁg( abs)
methanol in the gas phase preferably using catalysts which consist in a formal
10 sense of magnesium oxide, aluminium oxide and silicon oxide. Such catalysts are
described, for example, in US 5 171 920 in example 4 or in EP 0 589 557.

Particular preference is given to using catalysts which, in a formal sense, comprise
magnesium oxide, aluminium oxide and silicon dioxide, and which have a

15 proportion of magnesium oxide of 0.5 to 20% by mass, preferably of 5 to 15% by
mass and more preferably of 10 to 15% by mass, a proportion of aluminium oxide
of 4 to 30% by mass, preferably of 10 to 20% by mass, and a proportion of silicon
dioxide of 60 to 95% by mass, preferably of 70 to 90% by mass. It may be
advantageous when the catalyst comprises an alkali metal oxide in addition to the

20 magnesium oxide. This may, for example, be selected from Na,O or K-O. The
catalyst preferably comprises Na,O as the alkali metal oxide. The catalyst used
with preference preferably has a BET surface area (determined volumetrically with
nitrogen to DIN ISO 9277) of 200 to 450 m?/g, preferably of 200 to 350 m?/g. When
the catalyst is applied as an active material on a support, only the active material

25 has a BET surface area within the range specified. The material composed of
catalyst and support may, in contrast, according to the properties of the support,
have a significantly different BET surface area, especially a lower BET surface

area.

30 The pore volume of the catalyst is preferably 0.5 to 1.3 ml/g, preferably 0.65 to
1.1 ml/g.



Pure substance Boiling tenp. [C] Typical proportion DVE 19.2 0.1 - 2% by
mass i sobutene 42.7 50 - 60% by mass 1-butene 43.4 0 - 150 ppm by mass
trans-2-butene 51.4 0- 750 ppm by mass (sum of 2-butenes) cis-2-butene 54.1
i soprene 90.4 10 - 300 ppm by mass di met hoxynet hane 95.9 5- 150 ppm by nmass

The mean pore diameter to DIN 66133 of the catalyst is preferably 5 to 20 nm,

preferentially 8 to 15 nm. More preferably, at least 50%, preferably more than

70%, of the total pore volume (sum of the pore volume of the pores with a pore

diameter of greater than or equal to 3.5 nm, determined by mercury porosimetry to
s DIN 66133) of the catalyst, is accounted for by pores having a diameter of 3.5 to

50 nm (mesopores).

In the process according to the invention, preference is given to using catalysts
which have a mean particle size (determined by screen analysis) of 10 ym to

10 10 mm, preferably 0.5 mm to 10 mm, more preferably a mean particle size of 1 to
5 mm. Preference is given to using solid catalysts which have a mean particle size

dso of 2 to 4 mm, especially of 3 to 4 mm.

In the process according to the invention, the catalyst can be used in the form of
15 shaped bodies. The shaped bodies may assume any shape. Preference is given

to using the catalyst as shaped bodies in the form of spheres, extrudates or

tablets. The shaped bodies preferably have the abovementioned mean particle

sizes.

20 The preparation and use of such magnesium aluminosilicate catalysts is described
in DE 10 2006 040432. Reference is made thereto.

The MTBE is cleaved in the gas phase within the temperature range from 150 to
500°C, especially 200 to 400°C, at pressures of 0.05 to 2 MPa, especially at
25 pressures of 0.3 to 1 MPa, very particularly at pressures of 0.5 to 0.7 MPa.

The cleavage of MTBE to isobutene and methanol is an endothermic reaction. In
order to prevent partial condensation of MTBE and products, it is appropriate to
operate the reactor such that the minimum temperature in the reactor is greater
30 than 150°C, preferably greater than 200°C. The input temperature of the MTBE,
which can be established by means of a heater connected upstream of the

reactor, is therefore at least 150°C, preferably at least 200°C.



met hanol 111.5 30 - 37% by mass MIBE 113.8 3 - 25% by nass MSBE 120.8 O -
1700 ppm by nmass TBA 131.3 0 - 1000 ppm by nmass diisobutene 171.2 100 -
1000 ppm Through appropriate design and operating node of the distillative
separation in step b) of the process according to the invention, it is
possible to enrich the 5 nediumboilers for the nost part or conpletely in
stream 8, such that the isobutene-rich stream7 is free or virtually free
of these rlﬁetbﬁlﬂ@“b‘tﬁ dfeapsratiome I’EdmaM e Edvar\teg%papaalserhh@fnpuh’entpeeam:aege

duct f.f di still at I Thi
i oti 11 a Tl 0 AR Rt B s Rt ee iorgpmas
pr ef er abl @pr&”ﬁarttoV\Aﬁn&hé cORV&tsiBheBA MRNbg é’aooé ﬁraﬂ@arﬁ@@%%ﬂaﬁﬁﬂg & sgee, The
refl ux ra,trors dependi ng on the nurrber of plates realized,” the

conposi t i ©Mayrb Q%VWIS tecomplaiely on @artisdy repjace the qaialysti es of distillate
and bottom product, preferably less than 5, preferentially less than 1. The
operating pressure of the colum can preferably be established between 0.1

and 2.0 Nﬁae(edm)ersrbn of thellMTBEMa Bt Psfthe Preueet alctordiy t@Qh@Weﬂ’éror@rsl ower

pressure a ressure with which the cleavage reactor (R) is operated.
The react? eBPE@f ?@3 égéaﬁr@fﬁ@@'yoféetwreéﬁgfoe@ ped 9%pro dagreduieiefain or

partial | yhdtle8R$EM snd 059 after partial condensation, to the distillation
colum. A conpressor to raise the pressure or a conpl ete condensati on can
t hus be di spensed vvrth Mor e pref erably, the reaction products 6 are
transferred to

at f t tial t
Pref er éhce rseaafq; %pre &QOéJIr‘?g"f‘ V‘Q rrgw%@% hgaH axr( pégged\?e p?*@R@ﬁé'%@gmt 0
condensi n@odg@ms aﬂroéac%fnt bBekiRRParh lof @éﬁ!y&??@r H&?rzgfj§ ﬁstg(?) Qa%sﬁeérgﬂ"b

|ntroduced directly into the colum, an he conhdensed gas strea
necessary! @ Br, iNrfdieéghdipAgs.t he pressure by nmeans of a punp.

The reactors used are preferably tubular reactors or tube bundle reactors,
15 especially those with internal tube diameters of 10 to 60 mm. They are preferably
operated as described in DE 10 2006 040433.

In addition, it is possible to use plate reactors for the performance of the cleavage
reaction. Plate reactors are of analogous construction to plate heat exchangers.

20 The separation of the plates between which the catalyst is present is preferably
10 - 80 mm.

The temperature decline in the catalyst zone at any point in relation to the input
temperature is preferably less than 50°C, more preferably less than 40°C and

25 most preferably 5 to 30°C. The maximum temperature decline can be adjusted by
numerous parameters, for example by the temperature of the heat carrier used for

heating, and by the speed with which the heat carrier flows through the jacket.

Side reactions occur in the cleavage of MTBE. These are attributable either to
30 MTBE or the isobutene and methanol cleavage products.
A standard reaction which occurs in MTBE cleavage is the formation of dimethy!

ether (DME). This is formed by reaction of two molecules of methanol to give DME



The gas phase and the liquid phase can be fed in at the same point or at
different points in the colum. Preference is given to feeding the liquid
phase in at the sane plate or one to five plates below the feed point of

t he gas phase. The energy released in the partial condensation of the gas
phase is preferably 10 utilized el sewhere in the process, for exanple to
heat a columm or to preheat the reactor feed. In order to be able to
condense fRGWatENENQGEI0ESE acordinggowae iveation Isepretspald opbmterbéunimhas

f . i . | i g, 15
Ponduct ed e Seety ol G B Moct B BRBF Ry eas omat bt Sinzronedn
advant aged¥%s(DME selisbiviyi S Did it b DMEfoHHRd] ﬁw@ﬁmcmmea operating

pressure of 0.55 to 0.6 MPa(ab.$). To heat the evaporator of the col um,
for exanple, 0.4 MPa steam can be used. The bottom product obtained is

stream 8, : : L A . gontains. nort han 90% by
mser of e SrAlsn I ISIARRHE Wb WERT oAt RS B3R it REo 2t Bt-BRoRk

overal | t@BA)r burmaGphictezabby of TBA isHowavesath S&uilleRing RS, Whdreact i ve
di still at'%g. Th"i@; p%g %h&eadvanta e that the MIBE conversion in the

overal | phdcELETEENhEedg8eiar W&hém%w—i% itis pormalbhpastialiyredeamErE
unconverted in the cleavage reactor to isobutene 25 and nethanol in the
reacti ondfart of the reactive distillation colum. The design of the colum
as a react futhedsisiei nematiorois the fatestion é €s hiydtoearimdrisay dimerbetiqudd | shed

speci ficat.i 02006040430. . T ontent of |inear hutenes in the stream
7 is, E)%gé%bm)%%ﬁ &% GNaFl R“W%%&C%}’S%&tﬁf?%faem%w 9fdst4t han 10 000 ppm
by mass, tﬂméffﬁ;'lp%hﬁér@é-h)én'd%&,ﬂthﬁﬂ;t%t&mby mass and nore preferably |ess

than 1000 ppm by mass. The content ‘of 1-butene in stream 7, based on the 4
olefin fraction, is preferably I ess than 5000 ppm by nass, preferentially

| ess tha : I eferably |ess, than 500, y nass.
The. cont antoof B ap UL sidB PRadtcs e Mol Ty kel dse eoyse it Bichhe o3

ol ef i n f ri@puiites, rgmehe MIEBEY réddieThase hes6e tfBREXxRANE, tHepiRALgERS D

prefer ablg‘)( thesz){# han“\ﬁggg B&rg@bg mass and nore preferably | ess than 500 ppm
by 5 nis{CRORGHE R ) {8 e MHRE nEupugh Bbninatisn cbgethanolwi t h t he

i sobut enghayad: ' i i | §_kew 0SS| .~ It is then
possible to r m@m&%gﬁﬁ%gﬁeﬁgﬁ &(i)]%“lrtrtll"%%){e1 Bg%éﬁéﬂe&%li@&gpzpr opriate
after rehglanegprasentdndhe MTBR barsfol® 1 adataditvayinathe cldtvageer, obt ai ned as
the bottom stream whereas the entire anount of isobutene is obtained as
the top product. This is | ess advantageous in technical terns. The nmgjority
of the mMRZpaRRterpgiesent is renoved in step ¢) fromthe stream 8 15 obt ai ned

in step b) of the process. Table 4 bel ow shows the boiling points of the
pur e MPBEDNEPEEEN fRMentianlis a PRResa dordirepaiing isnbutenbdstoan MIBE.dnid al so, by way

of exanp i Hlers . forned.in the reactjon, the boiling points of

i sopr enebg?l Blg?ﬁ@l#%@%pﬁgﬁfgr%t qy.aﬂfyl\/iﬂap?r%@?r’%? ppﬁ@gé P456ut ene whi ch

occurs i techweal-gr@iaier¥TBENS vafiblié BalRRk 1 ndiktufe foftebhhibBLIMESRNRE - €ne was
of 20 exanple. It is evident that the boiling point rises in

listed b
t he sequéﬁ&g%@?aﬂ@oprene, di met hoxymet hane, MIBE, MSBE, nethanol, TBA and

di i sobut . S i . L he 1 soprene, MIBE,, MSBE and
d: : gobﬂt @@dgﬁfgp%ﬁglﬁ‘tslggﬁg%%g%f n{&m\{@;étd% Pgﬁ%'itaﬁf?tﬁs We‘fsr?aﬂéfa.mnﬂwe boi l'i ng
poi nt s oMTBkesfehigiz eatityoipestemayiotthe pessaeesThis @anite dbtkipetiFom tehagai-n table

4, the azeaqtr havi ng been cal culated 25 with the "UN FAC DVD' property
met hod (9@ ej\ﬁ) %ﬁewﬁlcﬁd,g generglly indeedad fostha fuebmarkeidby puificathenin Res. 32,

(1993), § Y = ; i pul at . ASPEN Pl us
(versi On.[@ﬂ%fri&fﬁ(ﬁrﬁ%é%%rﬁ%gﬁﬂ% &Bﬁﬁaﬁ@ﬁ%%n dﬁgé@o%ﬁ’gw%ﬂm'@ﬁ

i sopr eneisipartedioe paoEssT ape so sedhinecal-gradedVITBE dam hdessy airesyand can be

obt ai ne the to t when the separation is carried out in a single
30 col udw'ﬂg&\ﬂﬁéﬁ Qrwgi‘ﬁ'é‘qamy&iﬁﬁhﬁ?f?@ the Ryeieeiedtiaedsteekidiable Pur e

met hangl sksvst e 3@ , i ) } hoxynet hane

mat er i alsé ansd t he m@ﬂﬁg?g@g%llCPW@@E’SB@%Z{%%&Q%IO&%?g}(‘) ut'ene- net hanol
azeotropes additionally have to be distilled via the top. As the sole
secondar nent, - in addition to water, which is not listed in the
tabl e, aﬁ%‘ﬁ? o HREER H5TPOsH @Jtteg'?m?/%hgﬁ% e Mgt Efé'ﬁ%ﬁl%'tﬁ)n t he bottom
product. 5 Table 4: Boiling points of the pure materials and the azeotropes

wi th nethanol at 0.1 MPa(abs); the azeotropes were calculated with the
"UNI FAC- DMD" property method. Pure su1%stance /| Azeotrope Boiling tenp.



1C] Conposition [/o by mass] |soprene + nethanol azeotrope 30.5 isoprene!
nmet hanol 91. 6918. 31 Pure isoprene 33.7 Pure dinethoxynethane 41.6 MIBE +
nmet hanol azeotrope 50.5 MIBE / nethanol : 86. 22! 13. 78 MSBE + net hanol
azeotrope 54.1 2-net hoxybutane /80.40! 19.60 nethanol: Pure MIBE 54.7 -
Met hanol + diisobutene azeotrope 59.2 nethanol / diisobutene47.84 /52.16

Pure MSBE 60. 8

Component Proportion by mass [kg/kg]
1-butene / 2-butenes 0.001000
pentanes 0.001500
MTBE 0.978000
2-methoxybutane (MSBE) | 0.003000
methanol 0.008500
tert-butanol 0.003000
water 0.000050
2,4 ,4-trimethylpentenes  |0.003300

Technical-grade MTBE can be prepared by known methods by reaction of C,
hydrocarbon mixtures from which the polyunsaturated hydrocarbons have been
s substantially removed, for example raffinate | or selectively hydrogenated crack

Cg4, with methanol.

Purification of the cieavage products

The cleavage products from the reactor are separated by distillation in step b) of
10 the process according to the invention. This affords a stream 7 which comprises

more than 90% by mass of isobutene, low boilers and proportions of methanol,

and a further stream 8 which contains methanol, MTBE, medium boilers and high

boilers.

15 Table 3 shows the pure substance boiling points of components typically present
in the reactor effluent at 0.5 MPabs). As well as isobutene, the low boilers present
are further C4 hydrocarbons (1-butene, 2-butenes) and DME. Isoprene and
dimethoxymethane are medium boilers formed in the reaction with boiling points
according to the table below. The high boilers present, i.e. components with a

20 higher boiling point than MTBE, are TBA, diisobutene and MSBE.

Table 3: Pure material boiling points of components typically present in the reactor
effluent at 0.5 MPaps)

11
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step b) of the process according to the invention, it is possible to enrich the

s medium boilers for the most part or completely in stream 8, such that the

isobutene-rich stream 7 is free or virtually free of these medium boilers.

The distillative separation of the cleavage products 6 is preferably effected in

exactly one distillation column. This distillation column has preferably 20 to 55

10

theoretical plates, preferably 25 to 45 and more preferably 30 to 40 theoretical

plates. The reflux ratio is, depending on the number of plates realized, the

composition of the reactor effluent and the required purities of distillate and bottom

product, preferably less than 5, preferentially less than 1. The operating pressure

of the column can preferably be established between 0.1 and 2.0 MPaaps). It is

15

advantageous to operate the column at a lower pressure than the pressure with

which the cleavage reactor (R) is operated. The reaction products 6 can then be

transferred in gaseous form or partially in gaseous form, after partial condensation,

to the distillation column. A compressor to raise the pressure or a complete

condensation can thus be dispensed with.

12

one

vant ageous to
of the mediumboilers fromstream 10 with the



The present invention is illustrated in detail with reference to Figures 1
to 4, without any intention that the invention be restricted to the

enbodi ments depicted there by way of exanple. 30 A bl ock diagram of a
preferred enbodi nent with which the process according to the invention can
be perfornmed is shown in Figure 1. The starting MIBE 1 a is conducted
together with the return stream 13 into the cl eavage reactor (R). The

cl eavage MosintaieBblys thasisaetieonpraductsh@ atsolranafiertedio thatistiatiopcgumduct 7

whi ch contal ; i e nmed, .DME and, ow ng t trope formation
bet ween ié@%ﬂ%eﬂ%%ghggﬁ%%tﬁﬁhgfe?éﬁpﬁéﬁ' givgR o 8?”4%?%3@2% '?%@%dp{f‘ £¥8% bot t om
product 8peferenpe istorgienbiaguicoros! bewe MEBE @B, rhe uRBbMdrskdYast he

met hanol forned.. The bottom product 8 also contains the nediumboilers

formed i nSTGRN iSREPHUrecdiFRCly frfp the satomn, iasd pheeendendedgadistreatmoky met hane.

The maj orjhdos : My e the bottom product 9
fromstream g@%#%r&'ﬂm ﬂ@%‘%@ﬁ%m r?‘ﬁé?@ﬁl%gurﬁ@di um boilers 14 are
removed fTlemgaspbaseand te lapit phesepcamnbe pal ihyat MEBEarao pbit B BOJiffekdaE N st ream

13 is recycled into the §I e%ava e. A further preferred enbodi nent of the
process iRONKIANG colengurEeferent i given dodredinedhe liowidgthassiin af thesame

addi ti onadihte dresprviedivatyldied [ % arting MIBE | a and

t he MTBE?%:ont ai ni ng lrveipu_rn g%alrc@gﬁelfgédliﬁo@gﬁﬁ%% agé’fore they are fed

i nto the D1eceneige releasadin th®partieh eodiertsatibavéthelysal predeiis peiferdim 5 which is

conduct ed i | eavage reactor (R). The further workup |s effected as
descri %oeit%g%og&fsgﬁvggpe 'ﬁitsg Péo%.sszg’rﬁ%@%ﬂp@ t@%ﬁﬁé%’@%?f refeakieer ed
enbodi mentactbr fdeg), process. The starting MIBE |a is fractionated together

with stream 10 in colum (K1). The return stream 10 contains, as well as
t he unconverted MIBE and met hanol, also the nmediumboilers forned in the

ti i d/ i et thane., | |
(K1) ndRErderbe 4 (et G AN a0 Qoo TR S BF QB3 " ™
t oget her caluntn,angresewveznidibproxro MRRRL liehsedadePain the ddwagea ti ng MIBE

| a. The bottorpﬁ/%rgoduct 3 is gassed into colum (K2). There, high boilers
(di i soBuC8REUCREHE] eX3mRlenat & PECSSERDOER BAMPaiast It piavt beapdyEniagemsst om
product 4uhehhRe il RIS MA i it r (R). The
cl eavage pr odugt 6I ié s%%%?gtléégoﬁqﬁgﬁmﬁ a?v@{é%tﬁ{gﬁﬁ%@?@rg 03?’3%%{& 7 whi ch
cont ai ns Oith¥Ragehut@heat3de yapediorVEha nolumowWiorgxbmpiy, €04 Miestearmmat i on

bet ween | t d t hanol , .proportions of nethanol, and into a bottom
pr oduct hg'gg%&eﬁggr ﬁ@epﬁg‘)‘ﬂr%BﬁR‘Féﬂb n@ﬁsfﬁétw Briderdap Bredust sire@me - net hanol
formed. The I&t@irtc@mtaamOMees tHand®AR b i | i), med in
the reactjon part, for exarrplne I SO reﬁ%égrﬁfgb@dﬁﬁgét oQSéfrHe{ E&ﬁgégg‘rhe

maj or i yObisobienaderadon the averat dop psodustroved as bot t om product 9 from
stream 8 in colum (K4). The top product 10, which contains MIBE, a
proportion 5 of the nethanol and the medium boilers formed in the reaction

part, foDptaaaly, thed colpmanenardd&dignbdes BXyARERAARatibS T hhé 8 t oget her
with the starting MIBE 1 a in colum t(ﬂK Il colums (K1) and

unr 1). Opti ona ,
(K2) can®Be@ntags Heéhel TBEssatyessian in theryeell pro¢esscearube incTemsesony i gur at i on

of the p I t I rs the advant age t.hat

t echni caﬁn";ggﬁ% m@ gg%\eb!\ngg gg{cg)f]?%@%% ﬂ% t?’ﬁ Crer"flé(ag? 5%%‘33& tol_'ﬁ%’%SW ers
present aincemeénanc th ihe reattiompdrkd) tHeogatier diviillafiot kelurmdiTha didress f or med
in the pthoce s. This copbination gives rise to the potential advantage of

savi ng ong YRR erisacs ¢istiatiepis descrieshinterealisr Bictbepublishad om t he

starti ngsMEBfalibR DEXeIRI6D4 ) are renoved together in colum (K2). A
bl ock diagramof a further preferred enbodi ment of a plant in which the

process according to the invention can be carried out is shown in Figure 4.
Foturn i thffal fiiRedr Bubhel T ARATY £ WL Th the ) Gl fracton, o o 1 "
30 preferably less than 10 000 ppm by mass, preferentially less than 5000 ppm by
mass and more preferably less than 1000 ppm by mass. The content of 1-butene

in stream 7, based on the C, olefin fraction, is preferably less than 5000 ppm by

13



colum (K1). This return stream 12 contains, as well as the unconverted
MIBE and net hanol, also the nmediumboilers fornmed in the reaction part (R),
for exanpl e isoprene and/ or di nethoxynethane. In colum (K1), these nedium
boilers are renoved partially as top product 2 together with the | ow

boil ers which may be 25 present in the starting MIBE (C4 and C5

hydr ocarbons). The bottom product is passed into the cl eavage reactor (R).
The cl eavgesprretaientiadlyilsssdbpmr80@ @ppimby olasemmng K®reipnéferably s phaduct 7

whi ch ins the i t f DVE and, owi _ f t]
ot veen 133 B Y maS e M o B s AT e i 21 B3R 1 EGEa. bot t om
product SorcthenCi siefid ftabgor pesravAY REbWEBRANHart BGO@B?@ZA@’Q'%@' of the

met hanol formed. The bottom product 8 al so contal ns i dm boil ers
fornmed i rPEIREaPI¥ARSS 1HAN 2APP PPy mesmEingd mereprefesakiy thssrthat A pprybEt hane.
Col um (Ka).constitutes a possible configuration of step c) of the process
according to the invention. Therein, stream8 is separated into a bottom
product 9, into a sidestream 11 and into a top product 12. The bottom
product 9, contains preferably nore than 98% nmet hanol. Wth the sidestream

11, di i sobUPRAYCRINE reAPVS! pihe FeadiwndipilBes togpther wih tee isopliensBBE, thar e
rormed Lrotre o eas s Bl IR b pRsShic, e AR LI R R v Pt ere

formed in the cl eavage reactor,

di met hoxyhedinamiegiless Fomtthaiisubdters, tfrappromrie aflecieni®iransefemol. ogeiiger with
t he startciang MIBE Iww tog]z .col um (gl&. The enbodi nent according to
Fi gur ™4 %oV A eraWfeVen Qhiaineq g dhe pattomrsyeamvingersas teantirag m xt ur es

uhi ch_conringiunt STRlobuaieUS bbteecad #RAYLHEIIITINEREesd BaldliSoddtndn 1€ 1S

possi ble to dispense with colum K renmovi ng ese comnmpone upstream
of the rdR@GHtgYAIE, which sinplifies the process. Wen the starting MIBE
does not contain any low boilers, it can be passed directly into the

cl eavage reactor as stream 1l b. In colum K1, only the medium boilers are

then rendhednajsriybofthe emtha@hol fessdntin@midvedhg stepv@Ftdnthe $hdmigs common to
a colum in which nediumboilers forned in

all enbodipents.is that _there is

the ol GafREINGLRBP b] B tharmiosestey ablev Reloweshoms, ha®otihng rairds of fht | ve

renoval j boi f i vage re f or

canpl e Pt o L PG, JHAa ol SRYRRebontl ot Bhve”

col ums pkeyarople(Knedicmrbaibmofonacein #rt edcfisrymmaboiihg pobity 6RiBbplpe exanpl e

fromstrea d8 éFi Qureﬂ%) or st&%am 5_l£Fi gure 2). These options too are

enbodi maﬁ?@q BPeBeXyRatheng @t Os! ME@er«i iRy the diisrbutenawhichwccusdh twe t hey are

not consjsg tehi il i operatin
Sis@aTes, tﬁ@%ﬁlﬁ?ﬁio\(ntd’#@,zﬁ&'t@@,e{%ﬁgﬁ, r@é'%%d\ﬁ%ﬁ%g% ﬁ@%@é‘”- perating

paranmeters preferred for col ums esi din Figures 1
to 4 areexjioplet itasierident that therboilB@ muhinses(iKihe séduamceof Boprend,n col um

K1), j i j i il I dinth ti
bt oSS AbhE MBRET S PERarey TR EaisoueDer Bhiftboeams om ¢ he
return sﬁmealﬁ@\&é‘ﬁér?fheﬂgdpr@ﬁélsﬂ/lﬁ@@A%E%ﬂ@dﬁ@%dt?né’ﬁoryﬁgﬁentgrfoﬁﬁidi tion, |ow

boilers (CA4 and C5 hydrocarbons) can be renoved fromthe technical-grade
MIBE. 5 BHEMEeaERotapegiwibnmethapet. flbrerialing peintsef éhéssl azsefrapesicod in a

distill agl : which. has, 30 to 85 theoretical plates, preferably 40 to
75 and ?r%'rece%pre sﬁ%t}é‘@kﬁ@s? gﬁgﬁ?@ 'Pﬁ%@?é"t’ }tl&edpz%tréa[pg _haﬁngﬁ@e‘g}rﬁaic;tﬁgteai ven to
oper ati ngith tres YONIFAC-DleMENdpagy aiethd® (Suehesmenliny, 3t S aheM.iS@fiert he

E used and the required purity of C4 and C5

it f B
ﬁ;gf 8§;rlb§2§rqg.népgmw[£ﬁ§. $adil 993)oBP1 £F& 183} withi tHensteady-stede sinuration part, for
I i i i f tjo bet 50
ona 350, oGRS A BRI S 2  al Pen B, PalE o didaPunr y “oper at ed

wi th an agpeéitiani, the sopssermethibinbl 2zdotroBebs ¥RABWoilePInethersyblem ahd@ad to 0.4
MPa( abs),. Taq heat the col urHL f %r exanpl e, steam can be Used. The
condens 419 Q}ﬁag&zﬁ,as the top product when the separation is carried out in a single
30 column. When, however, the intention is to generate virtually pure methanol as the
bottom product, the pure isoprene and dimethoxymethane materials and the

MTBE-methanol, MSBE-methanol and diisobutene-methanol azeotropes
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according to the operating pressure selected, be effected against cooling
brine, 15 cooling water or air. The top vapours of the colum can be
condensed conpletely or only partially, such that the top product 2 can be
drawn off either in liquid or vaporous form The top product 2 can be
utilized thermally or be used as a feedstock of a synthesis gas plant. 20
Colum (1(2), Figures 2 & 3 In colum (K2), the stream conprising MIBE is
di sti | | ecedditionaiiphevaitghe ditiled sia teeper.i/d thy sdid sedoutienecanstrent MBBE, from
t he MIBE. 3 rimarily onl i ] sobut e is to be renoved in the col um,
it may bea%@]t\?/%h a‘ﬁ%%[lé”%lﬂ%ﬁ '3/9%38%&'03?? F?z%e’f@dttﬁe grethanah peadushe! yalug es,

pr ef er abl VTRA rémals ig ek gétgfrﬁb%gdcg_l ly 30 to 45 theoretical plates. The
reflux ratio, defined in the context of the present invention as the mass
flow of the reflux divided by the mass flow of the distillate, is set, as a
function of the nunber of stages realized, the conposition of the MIBE used
and the required purity, preferably to a value of 0.5 to 7, preferentially
of 1 to 4latBO4VBeilingpbbebut BBGHURE FhaAEGH I bag#d azé\@%ge%ﬁthtrﬂetfh%nbﬁé‘fwed In
the colu e distillation colum used has preferably 50 to 140

t heoreti F’\Haaabe'st,hepﬁ@éfpam yepp calcylatezDviinthen'b 8 I FACeD D irgp@ty t o 110.
Dependi ngnoRotihe nunber of plates realized, the conposition of the MIBE
used and the required purity, the reflux ratio is preferably 1 to 20,

pr ef er entPael sub3tanae YA zedtrope | nct Bagigg t he TammbdNifiort |9 By edsggard to the
quality pf the-starting MIBE 1 ajand to the required purity of the
i sobuteng prepared, it may partic |y bg advantageous to provide a col um
wi th whigch both substances can baopzm)ved, i.e. a colum which has
preferably 50 to 140 theoretical [p tes. Bven if the renoval of MSBE shoul d
be unnec/dsepreng #metHaapbareatmpenm3meed not ido®rendll matheant age g1saacg3a 10
portion {‘5 t-he—hi-gher—ecapi-tal—iny t flor the larger colum can be
conpensat éﬁef%}pr%@e ener gy savi ngs3?(-7educti on in the reflux ratio). The
operatin S T T EeSPECTH of—whet-her—onty—drisoebutenre—or
additio @Lﬁ%%ﬁﬂMg%{E%rgﬁthqégg rermvaljﬂ?,‘gpr eferfably be 0.1 to 2.0 MPa(abs). |Wen

the 15 glMBRRAgemethanbeatapropeoduld0.5 i n t heTBEAMRSRIoEACt OF geDEffEeE€d in
t he gas thgﬁn at—elevated - pressure it nmay be advant ageous to performthe

di stil | TPORE at MRINANSF 2REEPE e, | 3411 whi ch | @amethokgbutans ¢ondeB9et0 4 £9.60

preferahly operated as a partial| condensen anﬁj tl‘il_e top product 5 is drawn
off in vaporous form Wen the reaction pr&%tﬁr&) in the cleavage reactor
is, for |@useMTBEO. 7 MPa(abs), tlg distillation 20 pressure should

pr ef er ak east- 0. 75 MPa(labs) At operating pressures of greater|than
1.3 MPa gﬁ‘%i%?nqldv@'ﬁpégmﬁe steam®®h be obtratherd! Wiidobubenched? &g/ 52.16
condensagib,Qfrold can be used to heat othgr colums in the process. To|heat
the colymm, according to the operating preéssure selected, steam or heat
carrier |Bute M8Bbe used. The botjtggmg produ¢i 4 may contain, in additi to
t he high—boilers,  for 25 exanple MSBE andidiisobutene, also MIBE. This
mi xt ur e | EHFE B@hANali zed t her mal I[p4.2an be|used as a feedstock for a
synt hesi Fant—or—be—usetgi-reety—o+—at-ter—hydrogenati-en—as—af el
corrponen?.ug:‘ﬁgﬂcorrposi tion of thézfged toJthe colum (K2) may vary
dependi npurere 4 herimé&hgbaitendlg MIBRoY @ and[1The degree of conversiom of—1 he
MIBE i nlthe cleavage reactor (R) (straight pass). In the case of use o
MIBE of the conposition according to table 2 and an MIBE conversi on whi ch

is i . . 9 he f h I h [ h
tom 85 (15 So0fAEREEYal e RetonaS forh fndiotsgh RSt & ¥ ATeHES ilnge 11 om 2

to 12% mynemssoreldietiltition QoHirg BiB&Bly irsor om 1500 to 5000
ppm by nass; the MSBE contentm?%’cé}n t eyra%%@ed%pgar;ﬁro%gg%u%é' 5000 ppm by

mass.  MYAPEmasEstiietian columisiusedhd prefarahionas2pdo 75 thesretom midtes,
di et h [ Ot ] f t at | than 200
oo pr YRR ROt 8o AR B Bttt &t heBiogr by Hasest nan 50 ppm

Fur t her viepibeeilumpl @SRMNdINg'eh titendiBfer SRk 304iR8%H0hY MiBear but enes.
10 The bottom product 4 in g(}lﬁurm (K2) t%(/vg)itlcalsly i:ont%z{l ns th];[§I igh boilers

di i soButCRR¥ETRIND atbitveddndha cleavagBreadier, [sroparateal With direfbnatierné léss to be
r enoved 4 , content in the botto roduct . cap, be
r educed tlf[)%h @Q,ﬁjrgggr?glgso f?ﬁﬁ@?@cﬁ)%@p%g%@? pfq‘SSW@B@Dt}’E Cghﬁf“? fSonﬁfE?@B‘tyo be

removed, owing to the small boiling point differences between MSBE and
MIBE, a hi gher MIBE content is
15




15 preferably permtted in the bottom product, preferably in the range from
60 to 85% by nmass, in order to reduce the conplexity for the separation.
The renoval of high boilers such as diisobutene via the bottom of the
colum (K2) has the advantage that only a small anmount of, if any, high
boilers get into the cleavage reactor. This can possibly protect the

catal yst from accel erated 20 deactivation, which can arise in the case of
cover age adjusteritgh vabid iartse eargepfiommi(0 toc b KMReg,s Goeferably Kojm ORitgur e 4 The
di stillati paration,js effected preferably under such conditjons that
very 25 s%’ég\(@%(ﬁqs)aﬁtp;peﬁw\? %Lﬂfﬂanﬁr e?@fﬂ&%n gﬁn’%ﬁaage‘irﬂéa%’@t%dp&%uct 9,
that the qredashitanéard@cts@mgab th@%p%ﬁg@ﬂ&s@hﬁs@@gﬂ%%@%ﬁéﬁéa formed in
the reaction, for exanple isoprene and/or di methoxynethane, are obtained in
the top PRGURICOVING Biifee, cchalingwetasoalsiry nore than 50% of the dii sobutene
present_in the feed 8, preferentially nore than 80% nore preferably nore

t han 95% is obtained in the 30 sidestream 11. The side product

si mul t anethesingtredreobrenanaldi ih tesc)ast the brdlest ebntaihs JYBRFaMPigFdbtesthaResent in
t he reactwﬁgad has not been converted in the cleavage, such that
(]

excessi v& ABQTEtRreleraty graatercibap §98nby massieé mathanalt TheasTBAr event ed.

Limting i ot I I CAH | S| revents
an i mern@@%ﬁmﬂﬁ%ﬁfb@aﬁﬁgﬂg Ilgfeeégo%ggtevﬁéeeg%&ﬁ%@dd%d @P@ a@ésgf VBBE i n
t he reactandrthpavater cortéret prefebatile 065 r@aUchy mabs. TrepmpetREWbBbIlck2 forfned
preferably, recyc|.ed intﬁ% col urqn %gali) éFi ure 4). 5 As can be seen from
table ¥, 'ﬁﬁ?f%&h?%ﬂ%ﬁ, f FXFBP'edsdyers medidimetexymeathseel aie Rrefaralysyst em
and can bgesdHt 3t [ sane
e Tt O P 1ok G ot a6 iy

MTBEnet hégfs than SONBBE- st mathainohthesthaspesufiiceftsy ik putityettatit aat be t op.

Di i sobut . tr.ope, W th t hanol , i.ch.boils between the
WTBE ot Eaee s g R 3D B Ao X 9 CGBUREHR" et hanol
azeot r opetreatiichtiors. feeqeiray et hivtiRarfl 4861 theagn, ds-he thadentiztdd'®) dven
di i sobut Enfﬂ -free top and bottom products can be generated in one col um.

The bott F HUbes B Birtherdistllatipnsstep.r t ual |y pure methanol whi ch contai ns,
as the sol e secondary conponent - in 15 addition to water, which is not
listed in table 4 - tert-butanol. The distillation colum (K5) used has

pr ef er abl'he 2ream 8Dobtagwdenistay cpdfahe produse fagteatHeyredtbviabofMPetaghonor e
preferably 40 to 60 theoretical _plates. The sidestream can be w thdrawn

bel ow oroérbtéw' ERYvel @it ?6’?\9'%3“%)5 GPnetHaerioplspmnetban@eand the aredivice i s

gi ven t op¥idrh ek avd It r ; ably between 2 and 12
t heoreti cal ﬁl a@sﬂgg%g{?ﬁhﬁg%gggyp%%n %ngﬁez]eg% tﬂgrr'; feed. The col um,
dependp ndimgthexymetbaberAafording de the ieabntied tenchediunt beildyB Bie camuesdsi on

orof or ont o sipess T Barde M e el Bag) o BestiPesst “col m (K8) 19
pr ef er abtle aridigheBibR chnVid Henbe25y Brﬁgﬁlhafti%ﬂgr%nﬁ %ﬁg%@-nﬁﬁin]&dﬁelcd\/ﬁ%abs)

preferably from0.1 to 0.3 MPa(abs)." eat the c or exanpl e, 0 4
MPa of s@eArd elifeliBeoiepiumnadt ovayi adglitianaiihbe epeaniapeguptcessubieedet ect ed, t he

d ' ; inst [ ine.. | i t ir.
30 The. renare BE S B Eb SRS ABL  Stadra By Br sk e Riue aMe REATemo6 by mass
of methaddBE.preferably nore than 99% by nass. The TBA content in the

bottom product is preferably 500 to 3000 ppm by mass; the water content is
preferably 0.5 to 0.8% by nass. The medi um boilers fornmed in the reaction

part, f i : i ; n re.preferably present at
| ess thgtlhgégé%bﬁ%nk%&g@re%%@% F%s?#%%%%%%%bﬁcgaa%ﬁ@rgsgrt8 erably at | ess
than 50 ithout Eng imehtientilat tHuwisvbatorabe Widticte@ i the dhbbdirientd depiball it can
be used 5 jndustrial syntheses, for exanple esterifications

or_cust omar
or et hertf‘?Fec%Y"@Mg?e¥?mPl§‘quired, t he nethanol can, however, also be
conceptrated to even higher purities in a further distillation step. The
resulting top product 12 preferably contains the predom nant portion of the
10 MTBE Aahtbcietidpran ofpr peéarted embbeinieedvitit ibim tBe processedicordihgtd er s
f ormed iﬂ t he ;[.eacti g)n eg_&)%, for exanpl e di met hoxynet hane and i soprene, and
possi bl yMRABENIGAGan Besiasioaag’y shae) &1 Biguient ol o F@RNG KIPE This MIBE

content is,
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according to the distillation conditions and colum pressure, preferably in
the range from 65 to 88% by nmass, preferentially in the range from75 to
85% by 15 nmass. The nmethanol content is preferably in the range from 10 to
35% preferentially in the range from 12 to 18% The MSBE content is
preferably in the range fromO0.5 to 5% by nass. Wen the feed stream 8
contains isoprene, the isoprene content is preferably less than 1% by nass.
When t he f@EWICRRT ogeirer wdthtthe netudi stezdroXdgrietoliae eleathge diacktriiBYyTteont ent i s

r ef er abl n . 5000 m. by mass. e resultin idestream 11
Br ef er abl éeé\gﬁeaéﬁgu%?&{sfaﬁp@fﬁg%@ é’ﬁﬁqﬁ@mar‘%&w{%‘? C’cprflérogv‘?t?g‘ﬂﬁtcéne present
in the feeshtaiheeigensdbulcheddithdd, OMEM, BiviRPhH BB 0P PhAlRY bbRyddie node of

operation of the colum, nmay contain in theé range from 10 to 40% by 25 nass
of the MVEBEDWEBSERE Methenel, propartionsedmehasiine intce botomprodudtte mode of

oper at i e BE.i s not. convert fully i he
cFeavaggem?(gg@tI&oﬁé ?%?ﬁ%oﬁzggemﬁ@&%m?%&y 84%9 H&ég??ééo%b‘?fgg&\er ation of
MBBE i n thuttonn peaduct Bralddeortains tief miceifyng bbigts ¥brifeeih ik retabeparf fdrhe

si destream n%qd,thl s can be avoi ded very easily by the discharge in the

si dest r edMAMME 1S9RIRR] ARRT diMethbexyeetBBN@t i | i zed thermal Iy, used as a

f eedst j . . __Col
(ko) B gueoaforly BF eThendns dHAlbieRl WhgR e Hsdn: RBUoRITRONEN fromar um

boi | ers f&brraaemaiimncollumr][(é@c).tlhmlmam (K6, thie médmlﬂoboi{ﬁrmﬂb@e(mW%ﬂﬁpmnd/ |0r f
| SOprene,_.are noy, romthe urn stream consi stin reaom nant 0
MTBE ahd %@Hbi@af‘dgﬁl‘b%@@i’@gﬂ 'Vﬁ-gt%h@rﬂ%'f‘@gi rgfurg gjsasati3oR rg@/%&@r nfed out yi n

a di stilltasicrAavegbum which has 20 to 75 theoretical plates, preferably 25
to 55 and nore preferably 30 to 45 theoretical plates. The col um,
dependi ng on the nunber of plates realized, the conposition of the recycle

stream a t di;um boi l ers forned in 1 he .cl eavage

react or %ﬁ%ﬁé?@ég%gbb&t}ﬁ%ﬁ&§%9‘ﬁ?§ﬁev Sl inddgiye 5” ﬁES preferably

oper at ed emtiddimenthighxbditd 4 ard atiBionaNdenidvemal Raksopd @By fepegial |y in the

range fromrFO ggr 1%0. The colum is preferably operated with an operating
Erting o5 B 12 o8

pr essut’e S dabt)BE-spadtap rsiusr steag 13 ImcaumPai®)s) . To heat

the colu C i . ._qperating
preseur o SL o b AR FrioShERRHR AR, PR DR APOIAPL DRI REEH | o
brine, céovhinlyiscetretucted iata theTieaviagp reagor (). The flthetQlatkin Ragfdgedondensed
conpl etelgdor onl% garti a I}EL, such that the top product 14 can be drawn off
ei t her i ASI9EGETFDP '9‘3(65[54‘36 YWedm The top product 14 can be utilized
thermally or used as a feedstock of a synthesis gas plant. 20 Wen col ums

are used _in the process according to the invention, for exanple the col ums
desi grat Eigura 3 skowskeafurkér piSermed erbodimEntgid tes prbcees. 4 het stetingaVi TBE

i ded, with_nt _which, f le, d of t ,
Potat i ng P BebEIEIOR st vitistisan T3 Bty s B uastieas 195 1 n t he
case of cohtEiMg, he Wed asitBE uBKANRIrRd MTBE Ald PWiHAG oL YReSthe Medifised: - Trays

with bores or slots in the tray plate. - Trays with necks or chi meys which
are covebelerpjoragskinghe feraion part (R), foTeagmpie isbpreoeesdiar the tray pl ate,

o o BN e EOK R A e Ao DR BB BBt Loms,
by 25 top product 2 together with any low and/or medium boilers present in the starting
MTBE 1a. The bottom product 3 is passed into column (K2). There, high boilers
(diisobutene, MSBE) present are removed at least partially as bottom product 4.
The top product 5§ is passed into the cleavage reactor (R). The cleavage product 6
is separated in column (K3) into a top product 7 which contains the isobutene
30 formed, DME and, owing to azeotrope formation between isobutene and methanoal,
proportions of methanol, and into a bottom product 8 comprising the unconverted

MTBE and the majority of the methanol formed. The bottom product 8 also
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means of rotating funnels, or spread as a filmon a heated tube wall wth
the aid of arotor. In the case of use of colums wth random packi ngs
conprising various packing 5 materials, the packing materials may consi st
of alnpbst all materials, especially of steel, stainless steel, copper,
carbon, stoneware, porcelain, glass or plastics, and have a wide variety of
drfferent shapes, especially the shape of spheres rings wth snooth or
profiled centamsdae Mediys bailens formed ingheseacttos mart, Vel dxabipisisbpenewi re nmesh

rings, sa 10 Structured packings with regul ar/ordered
geonetry ?ray/gconsrsé)wnf’%bg%‘?(anple of sheet nmetal or fabric. Exarrpl es of

such packThgmajority 88theemeBSnbpdrid Wafe@%ré?ﬁ&é@&eb&fon%&%‘ucﬁé sti c,
Sul zer I\/EII ak | anel | aMaCkl ngs nmade of sheet netal pertormance
packi ngs $iFesm 8un selunyy fftathetan larﬂﬁaﬁﬂ:’lﬂrs/vhldhdorﬁamacbzﬂwfecb appdida ngs from

Sul zer I opak i sobut ene rkup The

i sobut e%ret&frr %ﬁ%?“%zthét ai ﬁ%ﬁ%%ﬂgg}gﬂnéﬁi Ty etrﬁ@r}tl&n go ”\l,)@ wor ked up
t 0 i sobutiengrewstamdiorgtieetonymeitese, i E@Lﬁlﬁ@@f{@g’&ﬁem’%ﬂ‘%@tamﬁg ety lqget her
(DVE) 20 .and, wat r in particular. By way of exanple, a workUp of stream 7
from t he Pref4rt & enbodi ment's shown in Figures 1 to 4 is therefore

descri bed. The nethanol in stream 7 can be renoved by processes known per
se, for exanple by extraction. The extraction of nethanol fromstream 7 can
be carri efé‘lp’fdﬁjta”yfmiumnar(rfpi)eendMNZ) cantberreplacadl bagusags diedibg well as an
extract ant rgr exanple 25 in an extraction colum. Preference is given to
performn Lfrﬂ extraction with water or an aqueous solution in an

extract| dfhecedrifiglratioh Tl bRIcBES LAY 8 Hilrd® SMEONRI A pAtap. The
extractant flows throu e extracti rm pre y in oun ercurrent
in rel at it@¢nical tgﬁ@d%Mﬁw@bb@eSe&drracﬂ)eld the'lpeocmss rlast boifers prewestt arabl y

carried r 5.0 50C f.er apl o 40C. For 30
exanpl e, %%O %%ﬂqcé@[emgf(%zb ﬁ“&#%&‘ﬁmr% Rl tmier vvr%l‘f1 &P@r@oPﬁ%& 6

t heoreti Ednlrs mrabreatrmingwbslrrSe@@ﬂf@b@t@nﬁél RIVBFRYE W 8aPhg Bn8 cRRMEPRe and a

t enper at a water-saturated i sobutene with a residual content of

net han’d’l ?fé?és ?ﬁﬁhthe%@oeéﬁrﬁr@yf refadke stardteVdBE (fore@mptia v SBIB) apm by
mass and &b GRG0 Yol an 30 ppm by mass of nethanol can be

obt ai ned. The net’hanol - CSH?E}S%KQJ'Q wat er extract obtained in the extraction
can be separ ated 5 by di stillation into water and nethanol. The water can
be recycl ebg i,nt,0 the ction stage as the extractant. The met hanol can

be utili2edOfhMiagiAT @ r@ i Rigterte |er§9?ﬁ'rr@§b@faptanf i @%QEO@EBM cations
or €t her bédrainigQbhe IventiBh 8in ha RAIERNSUL LRAI i PILIDE T LafiPn col um

can be worked up to dry i sobutene 1 n one or | lation
col unres W Bieitas frgctma@d t@gdtrmnwtdmrtaEIMTHHE/EetaTrm rbtyrni sticlaet ¢Pén i s obt ai ned

astheb In the c den atlons at the top of the colum,
after a ase @{@d‘tﬁ%r%twn %‘?aépqg “ﬂr% rHenunqoaMeBecFMrﬁ Eand DMVE
with resar@ﬁeth&ﬁmr\é@oﬂfe meaRw SB%r‘s%r‘nﬁéﬂﬂn%é?@écﬁan%ﬁ?ﬁi F%&Q?ngé

15 prefterably

distillation colum used with preference f ryin
30 to 80'SPH'@6reeaﬂdé%nd'memce@me@wreeﬁrabouamo(mo BBse nmdnwnlboaersmret es. The

reflux r | at s reali.zed and the

requir ed%mﬁeld? rﬁ&Bﬁé&déogggw%#ge tosgg%érvé tD‘gr"?é’% Ofgia Ve MY der ent i al | y

| ess thapredént ihlee sfzetieg MTEE(CSY €5 ﬁ?dr@@b%ﬁsﬁ?h@%tt@ﬁ? biRuabt % be set in
the range fr 0 MPa abs:%) The DME-ric tream obtained at the top

of the d¥I%% 'e@ﬁ%eto%%aeé 9r|( eTb@C@@Magepewmwmepamednet|||at|on A
Phe. cour caubARKBMRG AloR BILREY WHGP SRR e IRIT MR OO e °° '

di sti | | aawibg te azeotope formation betwbett isbb@bheana PhatABn@SpRPBRIdnisalf condenser .
Therein, the Cﬁ fracti og resent 25 in the top product can be condensed and
a por t i JAEHENPhaNG AL, kot ct §1qeanprisiiy the uncanvertad MABEaandtifeyas

stream rRaWRAKRHE! t ' S 'on i descri bed
in detail, for ng me%tﬁgr%{ f&%%cpg?%gﬁ bﬁﬂ’é‘? gﬂ# éon'r“r%ﬁ%r Emr]em)ved
fromt héDOﬂIQq‘@ fs:rmedm 1103 I’Eacmrpparslfogexampletre@mehy aeyigract i on and DVE and i f

appr Oprlc%gth\g%/r%rethaan% removed by distillation fromthe i sobut ene extracted.
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More preferably, in the process according to the invention, a colum for
renovi ng DVE and water is used which has a decanter for renoving water,
which is present in the sidestream of the columm. The incorporation of the
decanter in the sidestreamof the colum allows isobutene | osses to be
m nimzed. Such a 5 process is also described, for exanple, in application
DE 102 38370. In this case, the noist isobutene streamfromthe extraction
is, if appPbpin 4R caﬂﬁ@tutasarpwmb!efcon'@udnm ohﬁbprcc))géirmeqmscs&ater for

nto a col

exanple b or. coal es

obt ai ned g%dﬁ'?ﬁﬂa tﬂhe% 9?@% 3?‘8 asﬁ"&am ’Si §‘%Hﬁ5?@ﬁiémior? ?W@”ﬂ)@fqdé%g BeI ow
or above mttealsmstraarlh11némd3ﬁwblt§51pﬁddh@t121 ﬁi&@&%&ﬁ%d&?ﬁ%&ﬁ%ld col umm is
w thdrawn in Il!égw d form_and conducted into a decanter. |In the decanter,

t he aqueo‘&r@feﬁﬁ Nors t5ap AP 3t BetanemWifetheesidesturmph 41 ediisobgiane andreae. The

wat er i h cIe n he col rm The

r enoval §0®H?%hﬁgﬁﬁgg%§st @r%ﬂﬁ’&l%%ﬂ%ﬁ%%& é,,scﬁg Mﬁ%ﬁt @fFPFBBP ¥bel ow t he
col um f e&fdhe nedhare wobithe moddidrh @osérsdaméd Wﬂwb&%éﬂ@@éfﬁéﬁoﬁ fgro the col um
bel ow t he wi t hdrawal 15 ‘@OI nt. The column preferably has a number of plates

of 30 to BEMHIRGEIEERNGPRdiEethevsathang prepbirinedhasthetthpprastuct 4R pl at es.
The lSObLﬁr@f@dt’c@g&ﬁvethiH@QaHﬁxngégrﬁgb% tfh%dcol%rq?lgye plate 15 to 30, in

each case counted fromthe top e pl at es above the

f eed poi nthe embodintent eceodihgrisdtigurefd ﬂskﬂfmteﬂeat & paticlilamior tioke A9TBRd passed
into the Af t t he, wat er  has en_renpved, the organic phase is
recycl &d ?%’g'ﬁgﬁ*ﬁét“&%ﬁw hc?r?é'tad'? SIRY 21 OI‘E{ﬁ@PUteﬂﬁ@r\déYlﬁﬁg bethiso of the
col UM | TasdepRSisRBIOD EBEcRETE oL 1 ui r ed
purity of the i gf)bbutene p?ef er abI;C/ | ess % éggjlv'néetﬂ?ere rHS' @Ql ess than
40. The dipskaamsy the EaipB peft, Wh@hcﬁyMQMesutbemrecbeasaWhemthestwm@nge from

0.1 to 2. rably ther rom .

MPa( abs) '\@T%@F’ggﬁé 86@5& i negjo(?I %l‘ |C§n\rbay ffg'i%' gf@xcé%\(e@e t he
conposi t mantd)n a4 sideam 1haln eolomn3, o) me%ENlQhPBélleGQﬁR?&'eh Ir&oPéd kgobut ene
avai l abl e, on e market Proportions by mass [kg/ kg]

hydr ocHr Bgﬁé 000100 but anes <0. 001000 i sobut ene >o. 999000 1- but ene /
2-but enes <0.001000 met hanol <0.000030 C5 hydr ocar bons <0. 000500 wat er

According to the invention, what is common to all embodiments is that there is a

column in which medium boilers formed in the cleavage reactor (R) are removed
via the top.

20
The distillative removal of the medium boilers formed in the cleavage reactor (R),
for example isoprene and/or dimethoxymethane, instead of being effected in
columns (K6) or (K1), can also be effected from another stream, for example from
stream 8 (Figure 1) or stream 5 (Figure 2). These options too are embodiments of

25 the process according to the invention, even if they are not considered separately.

Material separation

Embodiments and operating parameters preferred for columns K1, K2, K5 and K6
designated in Figures 1 to 4 are specified hereinafter.
30

Column (K1), Figures 3 & 4

In column (K1), according to the invention, medium boilers formed in the reaction
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<0. 000050 oxygenates <0.000010 The |inear butenes (1-butene, 2-butenes)
present in the isobutene cannot be renoved therefromin an industrially

vi abl e manner. The linear butenes are 5 forned, inter alia, fromthe

cl eavage of MSBE, which may be present in the MIBE. Therefore, conplete
removal of MSBE in the colum (K2) allows the formation of the |inear
butenes to be prevented. In order to limt the distillation costs, it may,
however, Barta@vsxempedlimethoxymethaneaandio iseprerat aratremoved fivBBEe rdtirs i s

possi bl e i o t )..of t ocess,..a catal yst i ch
deconposegﬁ%%ﬁéﬁgéy%grgﬂpg%ﬁgﬁVS@W§haﬂ@égnﬁgggéghaaﬁyybﬁﬂwﬁam?ﬁ( he purity
requi r emerhd Csihydeoarboris caetairesdves ot 1Bk 6@ gradd MMBEof the secondary
conponents are al so achi evable. 15 The isobutene prepared by the process

according to the invention can, for exanple, be used to prepare nethacrylic
aci d, t : i J e i ne,. ¥yl phenol s,

mot hal 1yl eroreae gretiEpefolFRd i iae LS Aa RSl RORAS o

advant agewhishtha@siBfetotft thebreticaiplbmsppretdrtibly Medoi 15 dhemereprssiabgd t he

i sobut ene té;)c regptre élreffgy% r¥et hacr,%l,ate. Such a ?r ocess of 20 preparing
met hyl et ﬁ‘?P iga| latgss Bretarencefogiven mpperating thercaumg adegendingomhi ch
explicit tefmnhenseri i - | red 0
illustrate the i nveﬁﬁtgﬁfj@ahé&;ﬁggggmﬁlg%@g&% %??F%@?g@dﬁé?%@ﬁ%&ed out
in a tubuPyity pEaeaod Gsihydrecanpans and plibkenedinmrbmilghs Brmbd dhtha rbeetiorcarri er

i1 (Marl H f,r o | fi Sur f act flowed. Th
g:at al(ysl§ @%@%%@W‘r@é%&?ﬁﬁgﬂgﬁ e”é%%géélsg%%%%wﬂée traifcg/g&evw&@ p(raepar ed
accor di ng6a andase dspapily Gatiedh PR 4 3606T1R448%n i?%?ef@rié%[l{mé%rgted-rhe

S

reactant used was high-purity MIBE, which is normally no as a fuel
addi ti ve Wit aRgraraiipp\epssurorRf V2RO SMRawm) Brefarablpos AB GribHMPaHsBef or e

entry int grate gnpletely. in _an evaporator

at 300C. %E%Itégsggg{%ép%ﬁﬂhﬁg%%@q%ﬁ%f \?Seer?ggf’ﬁﬁépge%ﬁa\ﬁ%(%n(terrperature

of the Madcotdieg fo the dpeeatiregotesfurehelgcest; bereficdtdteigdaindtheomigssty, e was kept
essure-mai ntai ning neans at the end of

at a consta{)t 0.7 MPa a%ﬁ% g% a pr

the 157 &R0USF WG O AfBENE & V%@Jr?@ {heaqolinp 628 begivadansed suopigtaly whi ch
o ospordonbaidi¥ueh ufet 4 kploBhua Pl Rl BREANYSH 1Bt g. T
gaseous cl eavage m'xture | eaving the reactor was condense ull'y and

anal yzed VBpopas fermn.oh togrrptyct 2¢ambe etilizadseenially dridecuseld 26096 hours, the
conver si ??eooft ég]% MIBE under the,selected reaction conditions was 98% In
addi tion 7o the T'SOPIRAES A% PR hanol ¢l eavage products, the by-products
listed in table 6 were detected. Table 6: Anal yses of reactor feed and

reactor effluent Si n each case proportions by nass)
20 Column (K2), Figures 2 & 3

In column (K2), the stream comprising MTBE is distilled to remove high boilers,
especially diisobutene and/or MSBE, from the MTBE. When primarily only
diisobutene is to be removed in the column, it may be advantageous when the
column has 15 to 60 theoretical plates, preferably 20 to 55 and preferentially 30 to
25 45 theoretical plates. The reflux ratio, defined in the context of the present
invention as the mass flow of the reflux divided by the mass flow of the distillate, is
set, as a function of the number of stages realized, the composition of the MTBE

used and the required purity, preferably to a value of 0.5 to 7, preferentially of 1
to 4.

30
When diisobutene and additionally MSBE are to be removed in the column, the

distillation column used has preferably 50 to 140 theoretical plates, preferably 60

20



25 Reactor feed Conponent Proportion MIBE 99. 949% 2- net hoxybut ane < dlI
i soprene < dl 08 hydrocarbons 0.026% net hanol 0.013% Reactor effluent
Trace conponents Proportion DM E 0. 955% C8 hydrocarbons 0.063% i sobut ane

0.010% i soprene

to 120 and most preferably 80 to 110. Depending on the number of plates realized,
the composition of the MTBE used and the required purity, the reflux ratio is

preferably 1 to 20, preferentially 3 to 10.

s To increase the flexibility with regard to the quality of the starting MTBE 1a and to
the required purity of the isobutene prepared, it may particularly be advantageous
to provide a column with which both substances can be removed, i.e. a column
which has preferably 50 to 140 theoretical plates. Even if the removal of MSBE
should be unnecessary, the larger column need not be a disadvantage, since a

10 portion of the higher capital investment for the larger column can be compensated

for by energy savings (reduction in the reflux ratio).

The operating pressure can, irrespective of whether only diisobutene or
additionally MSBE is to be removed, preferably be 0.1 to 2.0 MPaabs). When the

15 cleavage of the top product 5 in the cleavage reactor is effected in the gas phase
at elevated pressure, it may be advantageous to perform the distillation at higher
pressure, in which case the top condenser is preferably operated as a partial
condenser and the top product 5 is drawn off in vaporous form. When the reaction
pressure in the cleavage reactor is, for example, 0.7 MPagps), the distillation

20 pressure should preferably be at least 0.75 MPayays). At operating pressures of
greater than 1.3 MPagaps), low-pressure steam can be obtained with the heat of
condensation, and can be used to heat other columns in the process. To heat the
column, according to the operating pressure selected, steam or heat carrier oil can
be used. The bottom product 4 may contain, in addition to the high boilers, for

25 example MSBE and diisobutene, also MTBE. This mixture can be utilized
thermally, can be used as a feedstock for a synthesis gas plant, or be used directly

or after hydrogenation as a fuel component,

The composition of the feed to the column (K2) may vary depending on the
30 starting MTBE 1a and the degree of conversion of the MTBE in the cleavage
reactor (R) (straight pass). In the case of use of MTBE of the composition

according to table 2 and an MTBE conversion which is in the range from 50 to
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0. 003% di et hoxynet hane 0.010% It is found that further by-products

(i soprene, dinethoxynethane, isobutane) are additionally formed in a
relatively | ow concentration as well as dinethyl ether 5 (DVE) and C8
hydrocarbons. The formation of 1,3-butadiene is attributed to the presence
of 3-nmethoxy-1-butene in the MIBE used. Since the raw material is virtually
free of 2-nmethoxybutane (MSBE), no significant anmounts of |inear butenes
are for me85%1thedept & ta erigmh dasds dmptangedroamas B O heampbesf MTA/] 3 whi ch

foll ow, cal LN . ried out with the steady:stat i mul ation
progr am A@ﬁéﬁ#%%bgl %\P@%ﬁ?%ﬁ%% T3Ngs ﬁ%n&t?e?ér/ég’%)ma%%@ﬁ dﬁ%&“@?%‘?ﬂ t he

ef fects oforitbet istlinerahgé From {RI0RE 560D pmibensusetirl MSPESSRSsHt idp | n or der
to obtain transparent, reproducible data, only generally avail able nmateri al

dat a wer ethggange framaRfl0 toP00 RN by anass. Madisi bbilers dorsidd indbé oeaciias

di spensed,\i t:h, i j S inmplification e it possible for
he per areitiddt Pyl ARERERI R EREE R Tt Hre Brie Dl khal Bne.

Al t hough Iebetiveet 20sprsprdfetontially [by/ghar0l 08Uigm eh@ Fora esferbyy fees tiidhe design
of industrjal pl:agts, t he %al itative differences in the circuits are
correctlyé(%@?@c dahen gempqnepsis presest igeiude TEA, Water aurgosstiiedron can be

i ncreasedy y¥natsi ng a reactive distillation. In the exanples, the
"UNI FAC- DMD" property method (see J. Gmehling, J. Li, and 25 M Schiller,
Ind. Eng. Chem Res. 32, (1993), pp. 178-193) was used. For the reactor R

t | £ 1001 Led i h . _assuni filli
i o oo Yo Rediet e PR ) Wieatt SaRsc o o gaIets Bl aere |
al umm ni UBrgyIS8 E3add sidd MPBEKI RN d R/ERapaLLRByES fifReri bed in DE

10 2006 040432. 30 _ For the reactor del l'1 ng, Inetic reactor nodel was
used i n taedIreR thalMitBBsenterhinctheiotioasprddont extEnsiduced igealuesisal t est

data wit h&o/C t X . es therefore in each, case also specify
t he reaCFP%ﬂQ?éﬁ@I}eﬁgﬁ'rlggﬁg\% %h ﬁloé‘aé{&%h%ae'?‘ﬂv%cﬂéwfé%a £ sﬁ‘?ﬁigl l'ing.
Si nce t héodimgpushttdiferented betwieepuWISBAGN MUBBUA hidhep MEBRLokRAt fseact i on

stage are sq . specified in each case, it is possible for the person
skill et ipﬁeaﬂem%'ég?f nﬂ'&eg 81 thevbatiesn peadugh areferabloin the sarseliipmed Gnot 3ot

know ng 1R6n5Xa64 Wad | f ’ j Loyl ating the reactors
wWith fi ngg con\}ergﬁ%ns, é%ngégg%%ﬁ%wz%ﬁéSgyac%p%'sponds to the variant
r epr esentlée remaviaboirtégiBboikess sheh beeliistioutt he viMEBE bottemvaigies pblanin (K2gcor di ng
to Figur 3,than MTI%E sh{?gan] | a é‘sharti ng MIBE) 15 of 100 kg/h with the
conposi t '8r 1§ e ¥eNtage thabealhva swalla of. thanye AighipdpragrsentodBapar e with
tabl e 2) cleavage reactor. This can possibly protect the catalyst from accelerated

20 deactivation, which can arise in the case of coverage with high boilers and

possibly coking.

Column (K5), Figure 4
The distillative separation is effected preferably under such conditions that very
25 substantially pure methanol is obtained as the bottom product 9, that the
predominant portion of the MTBE and all medium boilers formed in the reaction,
for example isoprene and/or dimethoxymethane, are obtained in the top product
12, and that preferably more than 50% of the diisobutene present in the feed 8,
preferentially more than 80%, more preferably more than 95%, is obtained in the
30 sidestream 11. The side product simultaneously also constitutes an outlet for any
MSBE which is present in the reactant and has not been converted in the

cleavage, such that excessive concentration of this component in the circuit is
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Tabl e 7: Conposition of the MIBE input stream 1l a assuned into the MIBE

cl eavage plant for exanple 2. 20 Starting MIBE 1 a Mass flow [kg/h] 100.0
Proportions by mass [kg/kg] dinethyl ether (DMVE) isobutene isobutane

1- but ene/ 2- but enes 0. 001000 C5 hydrocar bons 0.001500 i soprene

di met hoxynet hane MI'BE

prevented. Limiting the concentration of MSBE in the circuit simultaneously
prevents an impermissibly high value of linear butenes formed by cleavage of
MSBE in the reaction part in the isobutene product. The top product 12 is
preferably recycled into column (K1) (Figure 4).

As can be seen from table 4, the isoprene-methanol azeotrope is the low boiler in
the system and can be obtained as the top product in the column used. At the
same time, it is also possible for isoprene, dimethoxymethane and the MTBE-
methanol and MSBE-methanol azeotropes to be distilled via the top. Diisobutene
10 forms an azeotrope with methanol, which boils between the MTBE-methanol
azeotrope and pure methanol. The diisobutene-methanol azeotrope can thus be
removed in a sidestream, such that virtually diisobutene-free top and bottom
products can be generated in one column. The bottom product obtained is thus
virtually pure methanol which contains, as the sole secondary component - in

15 addition to water, which is not listed in table 4 - tert-butanol.

The distillation column (K5) used has preferably 20 to 80 theoretical plates,
preferably 30 to 70 and more preferably 40 to 60 theoretical plates. The
sidestream can be withdrawn below or above the addition point of the column

20 feed. Preference is given to withdrawing the sidestream above, more preferably
between 2 and 12 theoretical plates above, the feed point of the column feed. The
column, depending on the number of stages realized and on the MTBE conversion
achieved, is preferably operated with a reflux ratio of less than 10, preferentially of
0.5 to 3. The operating pressure of column (K5) is preferably adjusted to a value in

25 the range from 0.05 to 1 MPaabs), preferably from 0.1 t0 0.3 MPaps). To heat the
column, for example, 0.4 MPa of steam can be used. According to the operating
pressure selected, the condensation can be effected against cooling brine, cooling

water or air.
30 The resulting bottom product 9 contains preferably more than 98% by mass of

methanol, preferably more than 99% by mass. The TBA content in the bottom
product is preferably 500 to 3000 ppm by mass; the water content is preferably 0.5
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0. 979650 2- met hoxybut ane (MSBE) 0. 003000 net hanol 0.008500 tert-butanol
(TBA) 0.003000 water 0.000050 diisobutene 0.003300 The starting MIBE 1 a
is mxed with the recycle stream 10 and fed into the colum KI. The recycle
stream 10 is the distillate streamof the colum K4, which contains the
conpl ete anmount of the MIBE unconverted in the cl eavage reactor (R), and 5
the secondary diisobutene, MSBE and net hanol conponents. In addition, this
stream al t@&é%nbsamwﬁaw medbiod beiters fonmeetlinithe réeetioh @ataipe exampteor, in this

exanpl e i e .and di.net hoxynet hane. . The assuned, conposifion of the
recycle s?’gg%ﬁﬁgl@%aﬂweh}oxngt Aol 263 PX 5‘?5358 FE_S?%&?J‘ f@f%’b%(ﬁw%s fromthe
m xi ng i spreferaplyilésd @bha08.pphPand@Bhe Sréiarmy bi k8dHeh sdhherye! e stream 10
and of the feed streamof columm K1 for exanple 2. Recycle stream 10 Feed
K1 Mass fMethaneyiwe hee.epsuificertlyrhighoutitydhst ibpamhe sispdt fariaytomary
s industrial syntheses, for example esterifications or etherifications. If required, the
methanol can, however, also be concentrated to even higher purities in a further

distillation step.

The resulting top product 12 preferably contains the predominant portion of the

10 MTBE and methanol present in the feed stream 8, the medium boilers formed in
the reaction part, for example dimethoxymethane and isoprene, and possibly
MSBE, and is preferably recycled into column (K1). The MTBE content is,
according to the distillation conditions and column pressure, preferably in the
range from 65 to 88% by mass, preferentially in the range from 75 to 85% by

15 mass. The methanol content is preferably in the range from 10 to 35%,
preferentially in the range from 12 to 18%. The MSBE content is preferably in the
range from 0.5 to 5% by mass. When the feed stream 8 contains isoprene, the
isoprene content is preferably less than 1% by mass. When the feed stream 8
contains dimethoxymethane, the dimethoxy content is preferably less than

20 5000 ppm by mass.

The resulting sidestream 11 preferably contains virtually the entire amount of the
diisobutene present in the feed stream 8. In addition, the sidestream, according to
the mode of operation of the column, may contain in the range from 10 to 40% by
25 mass of the MSBE present in the feed stream 8. Since, according to the mode of
operation and catalyst used, the MSBE is not converted fully in the cleavage
reactor (R), there would be the risk of undesired concentration of MSBE in the
circuit in the case of recycling without discharge of the sidestream, and this can be
avoided very easily by the discharge in the sidestream. The sidestream 11 can be
30 utilized thermally, used as a feedstock for a synthesis gas plant or used as a fuel

component.
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DME 0. 000256 0.000024 i sobutene 0.002094 0.000193 i sobut ane _
1- but ene/ 2- but enes 0. 000013 0. 000909 05 hydrocarbons 0.001362 i soprene
0. 002183 0. 000201 di net hoxynet hane 0. 000384 0.000035 MIBE 0. 593166

0. 944003 MSBE

Column (K6), Figures 1 & 2
In column (K6), according to the invention, medium boilers formed in the reaction
part, for example dimethoxymethane and/or isoprene, are removed from the return

stream 10 consisting predominantly of MTBE and methanol.

Preferably, the material separation is carried out in a distillation column which has
20 to 75 theoretical plates, preferably 25 to 55 and more preferably 30 to 45
theoretical plates. The column, depending on the number of plates realized, the
composition of the recycle stream and the amount of the medium boilers formed in
10 the cleavage reactor (R), for example dimethoxymethane and/or isoprene, is
preferably operated with a reflux ratio in the range from 10 to 150, especially in the
range from 30 to 100. The column is preferably operated with an operating
pressure of 0.05 to 1 MPaass), preferably of 0.3 to 0.6 MPaaps). To heat the
column, for example, steam can be used. According to the operating pressure
15 selected, the condensation can be effected against cooling brine, cooling water or
air. The top vapours of the column can be condensed completely or only partially,
such that the top product 14 can be drawn off either in liquid or vapourous form.
The top product 14 can be utilized thermally or used as a feedstock of a synthesis
gas plant.
20
When columns are used in the process according to the invention, for example the
columns designated K1, K2, K3, K4, K5 and K6 in Figures 1 to 4, they can be
provided with internals, which, for example, are composed of trays, rotating
internals, random packings and/or structured packings.
25
In the case of column trays, for example, the following types can be used:
Trays with bores or slots in the tray plate.
Trays with necks or chimneys which are covered by caps or hoods.
Trays with bores in the tray plate, which are covered by movable valves.

30 - Trays with special constructions.

In columns with rotating internals, the reflux can be sprayed, for example, by
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0. 017945 0. 004378 net hanol 0.376157 0.042411 tert-butanol 0.000030 0.002726
wat er 0. 000016 0.000047 diisobutene 0.007758 0.003711 The task of colum
Kiln exanple 2 is, in addition to the renoval of the C4 and Cs hydrocarbons
present in the starting MIBE, in particular the discharge of the nmedium
boilers which are present in the recycle streamand have forned in the 5

cl eavage reactor (R), in this exanple isoprene and di net hoxynet hane. The
col umm ha®esBs phedatetg foanelp) ait eseads iasfilmpeT ateatedttulse wel Witk thaicofof 116
and at a Q[}Cﬁ?fure of 0.3 MPa(abs). The material is added above plate 22,
counted fromthe top. The top tenperature is 72.4C, the bottom tenperature
Is 87.3C. The distillate of this colum 2 has a residual content of approx.
68% by mass of MIBE. Increasing the reflux ratio and/or the nunber of

pl at es wodithe £PFRAI ¥sreoBENRS Mitbiandemipackisgs cetpridihg vadouopaghingluct i s

o5 *hyar oo TRl HeoRiRERr s By KPe e R et Al marres SBtgrBy ana
di met hoxystetlhataénleskstdalbteprCaarpon) stopswale, Bbekidi, i sIriamicd, and of

bott om product 3 of colum K1 for exanple 2. Distillate K1 2 Bottom
pr oduct K}Lag/e@\ygdef\{aé\ﬁt}{ Riffifigrept ahapes, especially the shape of spheres, rings with

smooth or profiled surfaces, rings with internal struts or wall breaches, wire mesh
rings, saddles and spirals.

10
Structured packings with regular/ordered geometry may consist, for example, of
sheet metal or fabric. Examples of such packings are Sulzer BX fabric packings
made of metal or plastic, Sulzer Mellapak lamellar packings made of sheet metal,
high-performance packings from Sulzer such as Mella-pakPlus, and structured

15 packings from Sulzer (Optiflow), Montz (BSH) and Kithni (Rombopak).

Isobutene workup
The isobutene-rich stream 7 obtained in step b) of the process can be worked up
to isobutene with higher purities. This removes methanol, dimethyl ether (DME)
20 and water in particular. By way of example, a workup of stream 7 from the
preferred embodiments shown in Figures 1 to 4 is therefore described.
The methanol in stream 7 can be removed by processes known per se, for
example by extraction. The extraction of methanol from stream 7 can be carried
out, for example, with water or an aqueous solution as an extractant, for example
25 in an extraction column. Preference is given to performing the extraction with
water or an aqueous solution in an extraction column, which preferably has 4 to 16
theoretical plates. The extractant flows through the extraction column preferably in
countercurrent in relation to the stream to be extracted. The extraction is
preferably carried out at a temperature of 15 to 50°C, preferably 25 to 40°C. For
30 example, in the case of use of an extraction column with more than 6 theoretical
plates which is operated at a pressure of 0.9 MPaps) and a temperature of 40°C,

a water-saturated isobutene with a residual content of methanol of less than
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107. 8 Proportions by mass [kg/kg] DMVE 0. 001097 isobutene 0.008980

i sobut ane

1- but ene/ 2- but enes 0. 042263 C5 hydrocarbons 0.063312

i soprene 0.009361 di met hoxynet hane 0. 000822

10

15

20

25

30

500 ppm by mass, preferably less than 100 ppm by mass and more preferably
less than 30 ppm by mass of methanol can be obtained.

The methanol-containing water extract obtained in the extraction can be separated
by distillation into water and methanol. The water can be recycled into the
extraction stage as the extractant. The methanol can be utilized for customary

industrial syntheses, for example esterifications or etherifications.

The moist isobutene stream from the extraction column can be worked up to dry
isobutene in one or more further distillation columns by removing water and
optionally DME. The dry isobutene is obtained as the bottom product. In the
condensation system at the top of the column, after a phase separation, water can
be drawn off in liquid form, and DME with residual amounts of isobutene in liquid
and/or gaseous form. A distillation column used with preference for the drying has
preferably 30 to 80 theoretical plates, preferably 40 to 65 theoretical plates. The

reflux ratio is, depending on the number of plates realized and the required purit

of the isobutene, preferably less than 60, preferentially less than 40. The operating
pressure of column K2 can preferably be set in the range from 0.1 to 2.0 MPaaps)-
The DME-rich stream obtained at the top of the column can, if necessary, be

separated further by distillation.

A portion of the DME can optionally be removed from stream 7 as early as in the
course of distillation (K3), by operating the condenser on the distillation column or
reactive distillation column as a partial condenser. Therein, the C, fraction present
in the top product can be condensed and a portion of the gaseous dimethyl ether

can be drawn off as an offgas stream.

A workup of isobutene by extraction and distillation is described in detail, for
example, in DE 102 38 370. Preferably, methanol is removed from the top stream
7 comprising isobutene by extraction, and DME and if appropriate water are

removed by distillation from the isobutene extracted.
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0. 000018 MIBE 0.682321 0.949754 NMSBE 0. 000073 0.004473 net hanol 0.189593
0.039176 tert-butanol 0.002786 water 0.002179 d iisobutene 0.003793 The
bott om product of colum K1 which has been freed of |ow and nedi um boil ers
is fed into colum K2. The separating task of colum K2 is the renoval of

di i sobutene and MSBE. The colum has 95 theoretical plates and is operated
at a 5reflux ratio of 4.2 and at a pressure of 0.95 MPa(abs) The materi al

i s added Mot ereferably, Bethe guotesd docomindi® the pnveRitien t@polteniier minvend S
roduct 5 i s a gaseous

140. 5C, [ 154. 4C. Th 51
fracti ont @ﬁlE(t:)%t‘(g g'g}qtfggﬁg?roa%{ﬁ'{cgggétae %Caé‘?ﬁi fEB"erﬁ”éﬁo‘}r?fJWﬁie&’ whigh ISHRieseYt mass of
MBBE, seeinttadrledfearhit? t608d16M0. Phe MBR A rBtiGRBY tﬂé-de%%n%ﬁ Yemass. The

content of MIBE in the bottom product 4 iIs approx. y mass.
| ncr easi nydesieeane of the qoltm abewss isobutesedessmsab ibegnipénized.Buchea woul d al | ow

0 coonb e s MERR ke, SEL LR RS i OB N I oS 1o
K1 for exhephastdsobudest stré@hdrdf?the extraction is, if appropriate after removal of

residual heterogeneous water, for example by means of a decanter or coalescer,
fed into a column. DME is obtained at the top of the column and dry isobutene in
the bottoms. Below or above the reactant introduction site, a sidestream from the

10 column is withdrawn in liquid form and conducted into a decanter. In the decanter,
the aqueous phase is separated from the water-depleted organic phase. The
water is discharged; the organic phase is recycled into the column. The removal of
the stream to the side decanter is preferably effected below the column feed, the
recycling of the stream from the decanter into the column below the withdrawal

15 point.
The column preferably has a number of plates of 30 to 80 theoretical plates,
preferably of 40 to 65 theoretical plates. The isobutene to be purified is preferably
fed in above plate 15 to 30, in each case counted from the top. Preferably, two to
five plates above the feed point, the entire condensate of this plate is drawn off

20 and passed into the decanter. After the water has been removed, the organic
phase is recycled into the column one or two plates lower. The reflux ratio of the
column is, depending on the number of plates realized and the required purity of
the isobutene, preferably less than 60, preferentially less than 40. The operating
pressure of the column is preferably in the range from 0.1 to 2.0 MPaps), more

25 preferably in the range from 1.0 to 1.5 MPaaps).

The isobutene obtained in this way may have, for example, the composition listed
in table 5:

30 Table 5: Typical composition of isobutene available on the market

Proportions by mass [kg/kg]
Cs hydrocarbons <0.000100
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5 Bottom product K24 Mass flow [kg/h] 106.0 1.8 Proportions by mass [kg/kg]

DVE | sobut ene | sobut ane 1- but ene/ 2- but enes C5 hydrocar bons
i soprene

butanes <0.001000

isobutene >0.999000

1-butene / 2-butenes <0.001000

methanol <0.000030

Cs hydrocarbons <0.000500

water <0.000050

oxygenates <0.000010

Oxygenates: For example DME, dimethoxymethane

The linear butenes (1-butene, 2-butenes) present in the isobutene cannot be
removed therefrom in an industrially viable manner. The linear butenes are

s formed, inter alia, from the cleavage of MSBE, which may be present in the MTBE.
Therefore, complete removal of MSBE in the column (K2) allows the formation of
the linear butenes to be prevented. In order to limit the distillation costs, it may,
however, be advantageous to permit a low concentration of MSBE. This is
possible especially when, in step a) of the process, a catalyst which decomposes

10 MTBE more rapidly than MSBE is used.

According to the purity requirements, however, if required, smaller concentrations

of the secondary components are also achievable.

15 The isobutene prepared by the process according to the invention can, for
example, be used to prepare methacrylic acid, methyl methacrylate, diisobutene,
polyisobutene, alkylphenols, methallyl chloride or methallyl sulfonates. In
particular, it may be advantageous to use both the methanol obtained in the
cleavage and the isobutene to prepare methyl methacrylate. Such a process of

20 preparing methyl methacrylate is described, for example, in EP 1 254 887, to
which explicit reference is made.

The examples which follow are intended to illustrate the invention.
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di met hoxymet hane 0.000018 MrIBE 0. 955228 0.618100 MSBE 0. 002100 0. 148272
nmet hanol 0.039822 tert-butanol 0.002832 0.000012 water di i sobut ene
0.233617 The distillate stream5 of colum K2 is, after further heating to
reaction tenperature, fed to the cleavage reactor (R). The reactor is
operated at 305C and 0.85 MPa(abs). Under these reaction conditions, an

MIBE conversi on of appr ox.
Examples

Example 1
A cleavage was carried out in a tubular reactor with a heating jacket, through
s which a heat carrier oil (Marlotherm SH from Sasol Olefins & Surfactants GmbH)

flowed. The catalyst used was magnesium-doped silica-alumina. The catalyst was
prepared according to patent application DE 10 2006 040432, see example 2. The
reactant used was high-purity MTBE, which is normally not used as a fuel additive
but as a solvent (DRIVERON-S from Evonik Oxeno GmbH).

10
Before entry into the reactor, the MTBE was evaporated completely in an
evaporator at 300°C. The cleavage was carried out at a temperature of 280°C
(temperature of the Marlotherm in the feed of the reactor jacket); the pressure was
kept at a constant 0.7 MPaass) by a pressure-maintaining means at the end of the

15 reactor. The MTBE feed was regulated to a constant 1500 g/h, which corresponds
to a WHSV of 4.78 h™" at an amount of catalyst of 314 g. The gaseous cleavage
mixture leaving the reactor was condensed fully and analyzed by gas

chromatography.

20 After a service life of 1006 hours, the conversion of the MTBE under the selected
reaction conditions was 98%. In addition to the isobutene and methanol cleavage
products, the by-products listed in table 6 were detected.

Table 6: Analyses of reactor feed and reactor effluent (in each case proportions by

mass)

25
Reactor feed Reactor effluent
Component Proportion Trace components Proportion
MTBE 99.949% DME 0.955%
2-methoxybutane <di Cs hydrocarbons 0.063%
isoprene <dl isobutane 0.010%
Cs hydrocarbons 0.026% isoprene 0.003%
methanol 0.013% dimethoxymethane 0.010%
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5 94%is obtained; the conversion of MSBE is approx. 18% At these high
reaction tenperatures, the nedium boilers isoprene and di net hoxynet hane are
fornmed in side reactions. Under the reaction conditions, the reactor

ef fluent contains approx. 70 ppm of di nmethoxymet hane and approx. 210 ppm of
| soprene. |sobutane is present to an extent of approx. 220 ppm The
conposition of the reactor effluent 6 10 is shown by table 11. Table
11: Conpdsi- trie(bhroxyﬂ bthteneeal‘.f)@ct%effl uent| 3authdiéng he distilld.ed@sstream 7 and

of the bet stream-8 colum K3 for exanple 2 Reactior effl uent! 6

A\YAY I. UIII

Distill at8MeNder Bot t om pr%@%% K38 Nass”‘butﬁWﬁPkg/ h] 106. 0 $8.0802% 6

AQ 2D laVa¥Ya¥aV¥a¥al o0

Proporthnsdéqg [gﬁsign%r(g/ KOi DVE- 0. 0048730008098 0000061 —+sobutene
0. 572525 0. 955934 00500

It is found that further by-products (isoprene, dimethoxymethane, isobutane) are
additionally formed in a relatively low concentration as well as dimethyl ether

s (DME) and Cg hydrocarbons. The formation of 1,3-butadiene is attributed to the
presence of 3-methoxy-1-butene in the MTBE used. Since the raw material is
virtually free of 2-methoxybutane (MSBE), no significant amounts of linear butenes

are formed.

10
Explanations for examples 2 and 3
In examples 2 and 3 which follow, calculations were carried out with the steady-
state simulation program ASPEN Plus (version 12.1 from AspenTech), which

represent the effects of the medium boiler formation in the overall process.

In order to obtain transparent, reproducible data, only generally available material
data were used. In addition, the use of a reactive distillation was dispensed with in
all variants. These simplifications make it possible for the person skilled in the art
to easily appreciate the calculations. Although the methods used do not have

20 sufficient accuracy for the design of industrial plants, the qualitative differences in
the circuits are correctly detected. In all variants detailed, the MTBE conversion

can be increased by using a reactive distillation.

In the examples, the "UNIFAC-DMD" property method (see J. Gmehling, J. Li, and

25 M. Schiller, Ind. Eng. Chem. Res. 32, (1993), pp. 178-193) was used. For the
reactor R, a reactor volume of 100 | was modelled in each case, assuming a filling
with a catalyst which consists in a formal sense of magnesium oxide, aluminium
oxide and silicon oxide, and whose preparation is described in

DE 10 2006 040432.

30
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| sobut ane 0. 000219 0. 000366 1-butene/2-butenes 0.000242 0.000402 0.000003
C5 hydrocar bons | soprene 0.000210 0.000521 di net hoxynmet hane 0. 000071

0. 000176 MIBE 0.056836 0.141632 MSBE 0. 001720

For the reactor modelling, a kinetic reactor model was used in the calculations,
which is based on extensive experimental test data with this catalyst. The
examples therefore in each case also specify the reaction temperatures which
were assumed in the reactor modelling. Since the composition of the input and

s output streams of the reaction stage are also specified in each case, it is possible
for the person skilled in the art to follow the calculations of the example without
knowing the exact equations for the kinetics by simulating the reactors with fixed

conversions.

10

Example 2

Example 2 corresponds to the variant represented in Figure 3. As the feed to the
MTBE cleavage plant, according to Figure 3, an MTBE stream 1a (starting MTBE)
15 of 100 kg/h with the composition listed in table 7 is assumed (typical fuel MTBE,

compare with table 2).

Table 7: Composition of the MTBE input stream 1a assumed into the MTBE
cleavage plant for example 2.

20

Starting
MTBE 1a
Mass flow [kg/h] 100.0
Proportions by mass
[kg/kg]
dimethyl ether (DME)
isobutene
isobutane
1-butene/2-butenes 0.001000
Cs hydrocarbons 0.001500
isoprene
dimethoxymethane
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0. 004286 net hanol 0.359580 0.034866 0.844037 tert-butanol 0.000422

0. 001051 water 0.002559 0.000333 0.005880 diisobutene 0.000743 0.001852
The reactor effluent 6 is partially condensed and fed in biphasic formto
colum K3. The colum has 42 theoretical plates and is operated at a reflux
ratio of 0.7 and at a pressure of 0.65 MPa(abs) The material is added above
plate 28, counted 5 fromthe top. The top tenperature is 51.3C, the bottom
tenperature is 117. 1C|MMME t op product 7 is|(.gruospene with a purity of
greater than 95% by nass—of—iseobutene. _see table 11 |soprene is renoved
conpletely via the bot?ﬂﬂ?mﬁéym§3m$ﬂﬂﬁﬁ§é dﬂHﬁFﬁE@ynethane. The lints
required in a typical me specrficatt Hrear butenes (< 1000
ppm by nmass) and C5 h)gﬁbcarbons (< 1000 ppﬁ”%y%wgss) afe conplied with
reliably. An extracti oterMbdtanwiT@®a)can, if |egpgooed, repove the methanol,
the residual water ang—DME-can he removed by a subsequent distillation and
t he i sobutene can be cWﬁEﬁntrated to a purlﬁ&OQﬂﬁéater t han 99. 9% by nass.
15 The bottom product |unu K3—consts etrant |y of unconverted
MIBE (approx. 14% by r8m¥?ug met hanol (a Fﬁg¢3ﬁg4@6by mass). In addition,
this stream contains the conplete anmount of tThe medium boilers isoprene and
di met hoxynet hane formed by reaction. In addition, anong other substances,

unconver tEEP pieging NMBRE %@éﬂlxedl’w\dthdh%@%m!@ﬂteeamﬂﬂwdtf?d irdadhe onlusmne
present. 129 iy %c?&lé%ﬂ%hsﬁg %}%ésiﬁﬁ%l"%refm of tha¥offirme KQOWR B a9 the

bottom stream 9 of "col um
the complete amount of the MTBE unconverted in the cleavage reactor (R), and

A

s the secondary diisobutene, MSBE and methanol components. In addition, this
stream also contains medium boilers formed in the cleavage reactor, in this
example isoprene and dimethoxymethane. The assumed composition of the
recycle stream 10 and of the feed stream to column K1 which arises from the
mixing is shown in table 8.

10
Table 8: Composition of the recycie stream 110 and of the feed stream of

column K1 for example 2.

Recycle stream |Feed K1
10

Mass flow [kg/h] 10.2 110.2
Proportions by mass
[kglkg]
DME 0.000256 0.000024
isobutene 0.002094 0.000193
isobutane
1-butene/2-butenes 0.000013 0.000909
Cs hydrocarbons 0.001362
isoprene 0.002183 0.000201
dimethoxymethane 0.000384 0.000035
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Bott om product K49 Mass flow [kg/ h]

| sobut ene
di met hoxynet hane 0. 000111 MIBE WMSBE net hanol

10

15

32.4 Proportions by mass [kg/kg]
05 hydrocarbons isoprene

1- but ene/ 2- but enes
0. 990796 tert-butanol

i sobut ane

MTBE 0.593166 0.944003
MSBE 0.017945 0.004378
methanol 0.376157 0.042411
tert-butanol 0.000030 0.002726
water 0.000016 0.000047
diisobutene 0.007758 0.003711

The task of column K1 in example 2 is, in addition to the removal of the C4 and Cs
hydrocarbons present in the starting MTBE, in particular the discharge of the
medium boilers which are present in the recycle stream and have formed in the
cleavage reactor (R), in this example isoprene and dimethoxymethane. The
column has 55 theoretical plates and is operated at a reflux ratio of 116 and at a
pressure of 0.3 MPays). The material is added above plate 22, counted from the
top. The top temperature is 72.4°C; the bottom temperature is 87.3°C. The

distillate of this column 2 has a residual content of approx. 68% by mass of MTBE.

Increasing the reflux ratio and/or the number of plates would allow the MTBE
content to be reduced. The bottom product is free of low boilers present in the
MTBE and in the recycle stream (C4 and Cs hydrocarbons). Likewise removed are

the medium boilers isoprene and dimethoxymethane.

Table 9:
K1 for example 2.

Composition of distillate stream 2 and of bottom product 3 of column

Distillate K1 Bottom product
2 K1 3
Mass flow [kg/h] 2.4 107.8
Proportions by mass
[kg/kg]
DME 0.001097
isobutene 0.008980
isobutane
1-butene/2-butenes 0.042263
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0.001372 water 0.007719 dii sobut ene

Col um K4 has 35 theoretical

pl at es

and is operated at a reflux ratio of 1.9 and at a pressure of 0.1 MPa(abs)

The materi al
tenperature is 51.3C
the bottom product 9 is shown by table 12;

distillate 10 of _colum K4 is also listed in table 8.

i s added above

pl ate 10,

counted fromthe 5 top. The top
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The bottom product of column K1 which has been freed of low and medium boilers

is fed into column K2. The separating task of column K2 is the removal of

diisobutene and MSBE. The column has 95 theoretical plates and is operated at a

s reflux ratio of 4.2 and at a pressure of 0.95 MPaas). The material is added above

plate 32 counted from the top. The top temperature is 140.5°C; the bottom

temperature is 154.4°C. The top product 5 is a gaseous fraction which is free of

diisobutene and contains only 2100 ppm by mass of MSBE; see table 10. The
content of MTBE is approx. 95.5% by mass. The content of MTBE in the bottom

10 product 4 is approx. 61.8% by mass. Increasing the reflux ratio and/or the

separating performance would allow the content of MTBE in the bottom product to

be reduced further.

Table 10:

15 K1 for example 2.

Composition of the distillate stream 5 and bottom stream 4 of column

Distillate K2 Bottom product
5 K2 4
Mass flow [kg/h] 106.0 1.8
Proportions by mass
[kg/kg]
DME
isobutene
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i sobut ene

| soprene

tert - but anol

10

| sobut ane
di met hoxynet hane

1- but ene/ 2- but enes 0. 001000 C5 hydrocarbons 0.001500
MIBE 0.981450 MSBE 0. 002000 net hanol
0. 003000 wat er 0.000050 diisobutene 0.002500

0. 008500

isobutane

1-butene/2-butenes

Cs hydrocarbons

isoprene

dimethoxymethane 0.000018

MTBE 0.955228 0.618100
MSBE 0.002100 0.148272
methanol 0.039822

tert-butanol 0.002832 0.000012
water

diisobutene 0.233617

The distillate stream 5 of column K2 is, after further heating to reaction

temperature, fed to the cleavage reactor (R). The reactor is operated at 305°C and
0.85 MPas). Under these reaction conditions, an MTBE conversion of approx.
94% is obtained; the conversion of MSBE is approx. 18%. At these high reaction
temperatures, the medium boilers isoprene and dimethoxymethane are formed in

side reactions. Under the reaction conditions, the reactor effluent contains approx.

70 ppm of dimethoxymethane and approx. 210 ppm of isoprene. Isobutane is

present to an extent of approx. 220 ppm. The composition of the reactor effluent 6

is shown by table 11.

Table 11:

and of the bottom stream 8 of column K3 for example 2.

Composition of the reactor effluent 6 and of the distillate stream 7

Reactor effluent | Distillate K3 Bottom product
6 7 K3 8
Mass flow [kg/h] 106.0 63.5 42.6
Proportions by mass
[ka/kg]
DME 0.004873 0.008098 0.000061
isobutene 0.572525 0.955934 0.000500
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The starting MIBE la is mxed wwth the recycle stream 12 and fed into
colum KI. The recycle stream 12 is the distillate stream of colum K5,
whi ch contains the majority of the MIBE unconverted in the reaction part
(R), the secondary diisobutene and MSBE conponents, and nethanol. In
addition, this streamal so contains nediumboilers forned in the reaction

part,

Feed K1 M
0. 000291

in

his exanple |isoprene and 5 dinethoxynethane. The conposition of

t he returps®iuteaen 12 and of t he00B6RA1St r eamOtaDO366umm KL whi ch arisés from
t he mixi nglzﬁs—s—hg\ggu—r—n—{—a-M—e—l—L—Tabl—e 14. Conposition of the recycle stream
12 and of | fRMCPELIPYEReSm of col QRA2HK for [&00RG02 3. [GReCGRA% stream 12
n drg(\%rbg N~ 6. 2 1062 Proportrons by mass kg kol PviE

0. 000017 1sobutene 0.003306 0.000193 i so but ane

isoprene 0.000210 0.000521

dimethoxymethane 0.000071 0.000176

MTBE 0.056836 0.141632

MSBE 0.001720 0.004286

methanol 0.359580 0.034866 0.844037

tert-butanol 0.000422 0.001051

water 0.002559 0.000333 0.005880

diisobutene 0.000743 0.001852

10

15

The reactor effluent 6 is partially condensed and fed in biphasic form to column
K3. The column has 42 theoretical plates and is operated at a reflux ratio of 0.7
and at a pressure of 0.65 MPagbs). The material is added above plate 28, counted
from the top. The top temperature is 51.3°C; the bottom temperature is 117.1°C.
The top product 7 is isobutene with a purity of greater than 95% by mass of
isobutene; see table 11. Isoprene is removed completely via the bottom, as is
likewise dimethoxymethane. The limits required in a typical isobutene specification
for linear butenes (< 1000 ppm by mass) and Cs hydrocarbons (< 1000 ppm by
mass) are complied with reliably. An extraction with water can, if required, remove
the methanol, the residual water and DME can be removed by a subsequent
distillation and the isobutene can be concentrated to a purity greater than 99.9%

by mass.

The bottom product 8 of column K3 consists predominantly of unconverted MTBE
(approx. 14% by mass) and methanol (approx. 84% by mass). In addition, this
stream contains the complete amount of the medium boilers isoprene and
dimethoxymethane formed by reaction. In addition, among other substances,

unconverted MSBE, TBA, water, and diisobutene formed by reaction are present.

20 This stream is fed to column K4.
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1- but ene/ 2- but enes 0. 000021 0. 000943 05 hydrocarbons 0.000085 0.001417
i soprene 0.003550 0.000207 di net hoxynmet hane 0. 000620 0. 000036 MIBE 0. 824913

0. 972322 NMSBE 0. 005645 0.002213 net hanol 0.161560 0.017425 tert-butanol
0. 002825 wat er 0.000009

Table 12:  Composition of the bottom stream 9 of column K4 for example 2.

Bottom product
K4 9
Mass flow [kg/h] 32.4
Proportions by mass
[ka/kg]
DME
isobutene
isobutane
1-butene/2-butenes
Cs hydrocarbons
isoprene
dimethoxymethane 0.000111
MTBE
MSBE
methanol 0.990796
tert-butanol 0.001372
water 0.007719
diisobutene

Column K4 has 35 theoretical plates and is operated at a reflux ratio of 1.9 and at
a pressure of 0.1 MPas). The material is added above plate 10, counted from the
s top. The top temperature is 51.3°C; the bottom temperature is 64.4°C. The
composition of the bottom product 9 is shown by table 12; the composition of the
distillate 10 of column K4 is also listed in table 8. In the column, MTBE, MSBE and
diisobutene are distilled via the top with a certain amount of methanol. This
exploits the azeotrope formation of these components with methanol. In addition,
10 all low boilers and medium boilers (DME, butenes, Cs hydrocarbons, isoprene,
dimethoxymethane) are also removed very substantially, such that a very pure
bottom product with more than 99% by mass of methanol can be obtained. The

distillate 10 of column K4 is added to the feed of column K1.
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0. 000048 diisobutene 0.002354 The task of colum K1 is, in addition to
the renmoval of the &4 and C5 hydrocarbons present in the starting MIBE, in
particul ar the discharge of the nmedium boilers which are present in the
recycle stream and have fornmed in the reaction part, in this exanple

i soprene and di met hoxynmet hane. The col um has 60 theoretical plates and is
operated at a reflux ratio of 197 and at a pressure of 0.3 MPa(abs). The
mat eri al Examgled above plate 25, counted fromthe top. The top tenperature

is 48.2C, ~the b tomte erature js 105.8C. _The distillate 2 of this colum
has a 5 reiqORIgIS CBFRSEAL %fo &@%%Sﬁnﬁﬁfﬁ”%mmﬁﬁﬁﬁﬁhéé@ﬁ*%@ thadTBE| ux

ratio andiesyddaeuritBEES dM gtB'F% 78 AaHhrst (et [ e or © o

reduced further. The bott uct Is free o

hydr ocar bBHskg/prvébehe ComptolaélorvrI‘BlédancﬂabIMBhsaswyedie stream Likewi se
removed conpletely are the nedium boilers isoprene and di met hoxynet hane. 10
Tabl e 15: Conposition of distillate stream 2 and of bottom product 3 of

col um Kmémpal@dﬁﬂ'@xé e 2B&d falat tﬂgs’%n@iﬁ&%ﬂrﬁrh g sorl | ow
[ kg/ h] O. 4 105.8 Pr ogg}rﬁl or%s by rras)g % %8%‘%%1& [ sobutene
SBE and diisobutene, and so a removal of these components upstream of the

reaction part can be dispensed with, and the discharge can be effected according
to Figure 4 in the sidestream of column KB5.

10
Table 13:  Composition of the MTBE input stream 1a into the MTBE cleavage
plant for example 3.

Starting
MTBE 1a
Mass flow [kg/h] 100.0
Proportions by mass
[kg/kg]
DME
isobutene
isobutane
1-butene/2-butenes 0.001000
Cs hydrocarbons 0.001500
isoprene
dimethoxymethane
MTBE 0.981450
MSBE 0.002000
methanol 0.008500
tert-butanol 0.003000
water 0.000050
diisobutene 0.002500

The starting MTBE 1a is mixed with the recycle stream 12 and fed into column K1.
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0. 050785
| soprene
0. 000017

10

| sobut ane 1- but ene/ 2- but enes 0. 248372 C5 hydrocarbons 0. 372063
0. 054157 di net hoxynmet hane 0.008717 MIBE 0. 150000 0. 975456 NMSBE
0. 002221 net hanol 0.111419 0.017067

The recycle stream 12 is the distillate stream of column K5, which contains the
majority of the MTBE unconverted in the reaction part (R), the secondary
diisobutene and MSBE components, and methanol. In addition, this stream also
contains medium boilers formed in the reaction part, in this example isoprene and
dimethoxymethane. The composition of the return stream 12 and of the feed

stream to column K1 which arises from the mixing is shown in table 14.

Table 14:
column K1 for example 3.

Composition of the recycle stream 12 and of the feed stream of

Recycle stream |Feed K1

12
Mass flow [kg/h] 6.2 106.2
Proportions by mass
[ka/kg]
DME 0.000291 0.000017
isobutene 0.003306 0.000193
isobutane
1-butene/2-butenes 0.000021 0.000943
Cs hydrocarbons 0.000085 0.001417
isoprene 0.003550 0.000207
dimethoxymethane 0.000620 0.000036
MTBE 0.824913 0.972322
MSBE 0.005645 0.002213
methanol 0.161560 0.017425
tert-butanol 0.002825
water 0.000009 0.000048
diisobutene 0.002354

The task of column K1 is, in addition to the removal of the C4 and Cs hydrocarbons
present in the starting MTBE, in particular the discharge of the medium boilers

which are present in the recycle stream and have formed in the reaction part, in
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tert-butanol 0.002836 water 0.000048 diisobutene 0.002363 The bottom
product of colum KlI, which has been freed of |ow and nmediumboilers, is
conpressed to reaction pressure in liquid form heated and evaporated, and
fed in gaseous form wth a tenperature which corresponds to the reaction
tenperature in the reactor, to the reactor part (R). Reaction tenperature,
reactor 5 pressure, conversions and by-product spectrumrenain unchanged
conpar ed this exampledsaprehend eantiboxghéihaast Thhosumortiasi 6tsthaptionl. 60 ppm of

di met hoxy hane, .and approx. 210 ppm of [ soprene. |sobu e LS present to
an ext entg%ﬁesaziﬂﬁir lg)g_peﬁgd ﬁg%reﬂlﬁé’%@&ﬁ’gag%ﬁ”gr?%fpr??ﬁé”? é’gggdv’b@@hl- uent 6 is
shown by Tedhatddal isl8ddeaPhisovkBo SRMBOTolihRA fRfm Emeetob??ﬁé @cfp ehiddisfite 6 and of
the distillate stream7 and of the bottom stream 8 of col'um K3 for exanple
3. Reacti§8e?’(Q; thmbotornitemppradtre ix303.886t Therdistittate @ of k818 cvtussn heow [ kg/ h]
105.8 64. résf’d%aflcgr[tgrﬁ)tocfft1'5% %yl%){asréaosfsf\/l{'gg./ llﬁ%leasing the reflux ratio and/or the

number of plates would allow the MTBE content to be reduced further. The bottom

product is free of low boilers (C4 and Cs hydrocarbons) present in the MTBE and in

the recycle stream. Likewise removed completely are the medium boilers isoprene

and dimethoxymethane.

10

Table 15:  Composition of distillate stream 2 and of bottom product 3 of column

K1 for example 3.

Distillate K1 Bottom product
2 K1 3

Mass flow [kg/h] 0.4 105.8
Propoitions by mass
[kg/kg]
DME 0.004469
isobutene 0.050785
isobutane
1-butene/2-butenes 0.248372
Cs hydrocarbons 0.372063
isoprene 0.054157
dimethoxymethane 0.008717
MTBE 0.150000 0.975456
MSBE 0.000017 0.002221
methanol 0.111419 0.017067
tert-butanol 0.002836
water 0.000048
diisobutene 0.002363
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DVE 0. 004662 0. 007599 0. 000044 i sobutene 0.584796 0.956378 0. 000500
i sobut ane 0. 000219 0.000359 1-butene/2-butenes 0.000256 0.000417 0.000003

C5 hydrocarbons 0.000005 0.000013 isoprene 0.000212

10

The bottom product of column K1, which has been freed of low and medium

boilers, is compressed to reaction pressure in liquid form, heated and evaporated,

and fed in gaseous form, with a temperature which corresponds to the reaction

temperature in the reactor, to the reactor part (R). Reaction temperature, reactor

pressure, conversions and by-product spectrum remain unchanged compared to

example 2. The reactor effluent thus contains approx. 60 ppm of

dimethoxymethane and approx. 210 ppm of isoprene. Isobutane is present to an

extent of approx. 220 ppm. The composition of the reactor effluent 6 is shown by

table 16.

Table 16:

and of the bottom stream 8 of column K3 for example 3.

Composition of the reactor effluent 6 and of the distillate stream 7

Reactor effluent | Distillate K3 Bottom product
6 7 K3 8

Mass fiow [kg/h] 105.8 64.7 41.1
Proportions by mass
[kg/kg]
DME 0.004662 0.007599 0.000044
isobutene 0.584796 0.956378 0.000500
isobutane 0.000219 0.000359
1-butene/2-butenes 0.000256 0.000417 0.000003
Cs hydrocarbons 0.000005 0.000013
isoprene 0.000212 0.000543
dimethoxymethane 0.000056 0.000143
MTBE 0.058040 0.149304
MSBE 0.001819 0.004680
methanol 0.344041 0.034895 0.830158
tert-butanol 0.000423 0.001087
water 0.002525 0.000351 0.005944
diisobutene 0.002947 0.007581
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0. 000543 di net hoxynet hane 0. 000056 0.000143 MIBE 0. 058040 0.149304 MSBE
0.001819 0.004680 net hanol 0.344041 0.034895 0.830158 tert-butanol
0. 000423 0.001087 water 0.002525 0.000351 0.005944 dii sobutene

The reactor effluent 6 is partially condensed and fed to the column K3 in biphasic
form. The number of plates, material addition point, reflux ratio and operating
pressure of column K3 remain unchanged compared to example 2. The top
temperature is 51.3°C; the bottom temperature is 116.9°C. The top product 7 is

5 isobutene with a purity of greater than 95% by mass of isobutene; see table 16.
Isoprene is removed completely via the top, as is likewise dimethoxymethane. The
limits required in a typical isobutene specification for linear butene (<1000 ppm by
mass) and Cs hydrocarbons (< 1000 ppm by mass) are complied with reliably. An
extraction with water allows the methanol to be removed if required; the residual

10 water and DME can be removed by a subsequent distillation, and the isobutene

can be concentrated to a purity greater than 99.9% by mass.

The bottom part 8 of column K3 consists predominantly of unconverted MTBE
(approx. 15% by mass) and methanol (approx. 84% by mass). In addition, this

15 stream contains the complete amount of the medium boilers isoprene and
dimethoxymethane formed by the reaction. In addition, among other substances,
unconverted MSBE, TBA, water, and diisobutene formed by reaction are present.

This stream is fed to column K5.

20 Table 17:  Composition of the bottom stream 9 and of the sidestream 11 of

column K5 for example 3.

Bottom product | Sidestream
Kb 9 Ks 11
Mass flow [kg/h] 30.4 4.5
Proportions by mass
[kg/kg]

DME

isobutene

isobutane

1-butene/2-butenes

Cs hydrocarbons
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0.002947 0.007581 The reactor
to the colum K3 in biphasic form The nunber
reflux ratio and operating pressure of
conpared to exanple 2. The top tenperature is

poi nt,

effluent 6 is

51. 3C,

mat e

partially condensed and fed
of pl ates,
col um K3 renai n unchanged

the bottom tenperature

rial addition

is 116.9C. The top product 7 is 5 isobutene with a purity of greater than

95% by nass of

sobut ene;

see table 16.
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the top, as is
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wi th water
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al | opgTERE MEtanot—tobejrenoved—if— j gg—fﬁe resi dual 10
an %e renoved by a subsequent di stF’WQ?' n, and the
Mg&BRcentrated to a purity greater|gtdsang®9. 9% by nmass. The
olum K3 consists predoni nant| t ed MIBE
metanoland met hanol ( @@96493 84% @6%@3% In addition, this
S onptete—arotth he—+re s—i soprene and
té’?@?%‘éﬂby t he reactlglqu’ﬁ addltogerOUZFang ot her
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shispidenot t om st r eam

ot WKEQ <
J

9 and of the

doct eam !(l-_\‘l

fi0de88Beam 1

1 of colum K5

1. Mass fl aow
MaESS—1-03

for exanmple 3.
4.5 Proportions

Padt va—nr acli
pOT T UTITPTouUocT LAX kv

by mass [ kg/ kg] DVE

\¥ A xe

i sobut ene

===

[kg/h] 30.4

Column K5 has 62 theoretical plates and is operated at a reflux ratio of 14.5 and at

a pressure of 0.15 MPaps). The material is added above plate 36, counted from

the top. The sidestream is withdrawn in liquid form at plate 25, counted from the

5 top. The top temperature is 61.0°C; the bottom temperature is 75.1°C. The
composition of the bottom product 9 and of the sidestream 11 shows in table 17:

the composition of the distillate 10 of column K4 is also listed in table 14.

In the column, the predominant portion of the MTBE and MSBE present in the feed

10

stream 8 is distilled via the top with a small amount of methanol. This exploits the

azeotrope formation of these components with methano!. In addition, all low

boilers (DME, butenes and pentanes) and the medium boilers formed in the

reaction part (isoprene, dimethoxymethane) are also removed via the top. The

distillate 12 is recycled into the reaction part.

15

The sidestream 11 contains all of the diisobutene, and additionally MTBE,

methanol and MSBE, and the medium boilers isoprene and dimethoxymethane in

traces. As a result of the discharge of MSBE, this component cannot accumulate

to undesired concentrations in the circuit. Limiting the concentration of MSBE in

20

the circuit thus simultaneously prevents an impermissibly high level of linear

butenes formed by cleavage of MSBE in the reaction part in the isobutene product.

The bottom product 9 obtained is very pure methanol which has a purity of more

than 99% by mass and is free of diisobutene. The sole secondary components
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i sobut ane 1- but ene/ 2- but enes C5 hydrocar bons i soprene 0.000076
di net hoxynet hane 0.000186 MIBE 0.229335 MSBE 0.034997 net hanol 0.990493

present are TBA and water. If required, the methanol can be freed of TBA and

water in a further distillation step and thus concentrated to even higher purities.
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0. 666034 tert-butanol 0.001457 0.000077 water 0.008030 0.000008 dii sobutene
0. 069283 Colum K5 has 62 theoretical plates and is operated at a refl ux
ratio of 14.5 and at a pressure of 0.15 MPa(abs). The material is added
above plate 36, counted fromthe top. The sidestreamis withdrawn in |iquid
format plate 25, counted fromthe 3 top. The top tenperature is 61.0C;, the
bottom tepgperature is 75.1C. The conposition of the bottom product 9 and of
t he sides # 11 shows in table 17; the conposition of the distillate 10
of colum K4 is also listed in table 14. In the colum, the predom nant
portion of the MIBE and MSBE present in the feed io stream8 is distilled

via the top Awtdress soredrepanmgisbboenssiohNIIBE-dbhiinmgdiniiires Migiciazeot r ope
formati on of these 3ﬁ$gﬂnents with methanol. In addition, all | ow boilers

(DVE, but end®HHEES lQ¥N%$8PFhe nmedi um boilers formed in the reaction

part (igsopr » oK X d =14 : v bef ; . The
st 1 e 10 2TeEBORRMRRLAG RO ATE Fifod AR EAMIERLIRE0]  eam 14
contains al Ifeedstotle(id) asdionpend]T BErwnadding istreatr (1 3VEBEfonkidwspeamnd MSBE,

and t he nedi oi lers isoprene and dipethoxynmethane in traces. As a result
of the di scﬁgf]a@egf:ﬁ?\%%r@dug{?iC?”é@ﬁﬁ%ﬁtﬁ?@?ﬁ)ﬁ/o'ﬂ“emwa@%a% biYndesi r ed

concentrat i Qnsdudis,|the |&tdr@dhéistidd 51 ting the concentration of MSBE in 20 the
circuit thus simultaneously prevents an inpernssibly high Ievel of Iinear
but enes f or dd Nigh koiless/hgéned halliBg range kbove 561G aha paessuranitthe MRBaput ene

puri Uy o mard OO e bARS B T t02$5°§0%‘fé GRESUrRRE coto

secondary cOuopbientasd present are TBA and water. |If required, the nethanol
can be freed ﬂ? TEA anﬁ:'jl water in a further distillation step and thus
concent r at e@3) PVE0RIETRNGHBE 3pbeiling @oge helew 1R°C 8t apressveeekl.f MPar epar i ng
i sobut ene f pEMMIBEA Ir 5 NPt HA i C i - | | owi ng
steps: 5a) i_ﬁ a reagﬁgérgp%{rélﬂgbgsa{/\i%%quox%{rr‘éé}gg? él'h!ecg%?) P%ﬂt]nﬁ%athg

MTBE- cont ai isobgtdrecpiotioctiand layv uidfnandra didkm dnyachicogtabisngaBE( 13, 5),

affording a_stream (6). of reactiqgn.products consisting of isobutene,
net hanol , I\/ﬁ‘?@"%{rl)f?r]j %‘?é?“gﬂ%‘f@é? apa@'ﬁh?‘?‘é" ;consi sting of
c) distillatively separating stream (8) to obtain an MTBE-containing stream (10,
12) and a methanol-containing high boiler stream (9, 11);
d) recycling an MTBE-containing stream (10, 12, 13) into step a) of the
process, the medium boilers being removed completely or partially before step

20 d) from the streams (10, 12) rich in medium boilers.

2. A process according to claim 1, characterized in that the cleavage is effected
over a solid catalyst.

25 3. A process according to either of claims 1 and 2, characterized in that the
cleavage of the MTBE-containing mixture is carried out within the temperature
range from 150 to 500°C.

4. A process according to any of claims 1 to 3, characterized in that the cleavage

30 of the MTBE-containing mixture is carried out within a pressure range from
0.05 to 2 MPa.
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al ) high boilers having a boiling range above 55C at a pressure of 0.1
MPa; a2) nmedium boilers having a boiling range of 12 to 55C at a pressure
of 0.1 MPa; and a3) |ow boilers having a boiling range bel ow 12C at a
pressure of 0.1 MPa; b) distillatively separating stream (6) into a
stream (7) which contains the isobutene product and |l ow boilers, and a
stream (8) which contains MIBE, 15nethanol, nedium boilers and high

boil ers; ©)Adireaasslastdrigtosayasfalaimg Istor& ahe(Rtetzedobtiat theatleavage

MTIBE- cont ai nj tream (1 12) and met hanol - cont gi ni ng. hi gh boi |l er
stream (9, 1'%%%681[6(1 ag)anreégWF?ﬁﬂﬂBﬁra&I‘B@t@gH? éﬁ’%ﬁt?fg‘%ﬁt F@gmf%@ 12, 13)
into step a) of the process, the nmedium boil ers being renoved conpletely or

partially before step 20d) fromthe streams (10, 12) rich in medium
boi | ers.  20- APFIUEEE CIEing: tgiany afslaimaiintols, chhrachertzediiz Bt the sthestm bhe

cl eavage is c over |,J atal yst. 25 3. A prpcess according to
ci ther gt o BEERfYE e apis aif T Rhadkli e BrEET G360 e e

MI'BE- cont ai ndistflationirusiecH & wegthateHe @dbratng brésdune of BIPSERALYLS id ange from
150 to 500C., 4. A process according to any of clains 1 to 3, characterized

in that the RFEHRNMProRhoverberparRtbmrassiragf extleawadeseadion. ed out wit hin
a pressure range from0.05 to 2 MPa. 5. A process according to any of
claims 1 to 4, characterized in that the cleavage is effected at an

entrance tknfppragess accortingttbenyedctaims dftod, cheasterks@G tHat thd process
accordi ng to.e%ﬂ t'Of ﬁlgt?i ns Ito 5, characterized in that the stream of
5MTBE- ¢bnt ai%i é"?%@ GER Brdeich & qanwesiadAaygstieamsolihe slesyagriior ehand to a

di stillati onahibdsiiatBrisBorat plle,BRALAIdaA00 REIIELHRIA 1nbMd ikt 1! | ati on

is at least 0.05 MPa above the operating pressure o e cleavage T eaction.
7. A proces@resster af g aleavage rebctidnai ns 1 to 6, characterized in that the
10di stillation of stream 6 which is connected downstream of the cl eavage,
is carried out at an operating pressure of at |east 0.05 MPa bel ow t he

oper at i ng &respuess afcdriidgtd eayagelairias b MNchSacrivbQGEHat AN to any
of clains 1 {@ 7, characterized in that the stream (10) is conbined with
i

t he MTBE- coft&iincagbinesaeiivthe MABEatiainisiol feedstosleandihighdidilerss and/ or | ow
boi | - ; i | 9. , di t
of claim 1 g1 LI ByDER el A% m NEPRGET BBl Cof “the Tow

boil ers, medium boilers and high boilers is 20effected in at |east two
distillation columms. 1q%ég¢%process_ according to any of clains 1 to 9,
I

char act er iz PR HEd| ﬂﬁb@fP‘_@W&S at@ SneltRrasiensed sribabihe renoved as the
top product dishidiie rbhich) of b BbI&Y, FRLkAboRH dBhidH BEidheld ers as the

bottom product in a fu
20 effected in at least two distillation columns.

10. A process according to any of claims 1 to 9, characterized in that the low
boilers and medium boilers are removed as the top product in the first

distillation column, and the high boilers as the bottom product in a further

25 distillation column.

11. A process according to any of claims 1 to 10, characterized in that the low
boilers comprise dimethyl ether and/or C4 hydrocarbons.

30 12. A process according to any of claims 1 to 11, characterized in that the medium

boilers comprise dimethoxymethane and/or Cs hydrocarbons.
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25di stillation colum. 11. A process according to any of clains 1 to 10,
characterized in that the | ow boilers conprise dinethyl ether and/or Ce,
hydr ocarbons. 30 12. A process according to any of clains 1 to 11,
characterized in that the nmedium boilers conprise dinmethoxynethane and/ or
C5 hydrocarbons. 13. A process according to any of clains 1 to 12,
characterized in that the nedium boilers conprise isoprene. 14. A
process atdohgronpss@caoyiraf tochrai ofclditng 1113, 12 bhaeteized @dtHantHehakdiuke hi gh

5boi l ers corrlg)r.f' se 2-net hoxybut ane and/ or C8 hydrocar bons.
oifers’comprise Isoprene.

14. A process according to any of claims 1 to 13, characterized in that the high

5 boilers comprise 2-methoxybutane and/or Cg hydrocarbons.
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